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physiological  ranges,  in  the  concentrations  of  various  CSF  cations  (e.g.,  Na"*", 
K"*",  Ca^'*',  Mg^"^)  could  affect  the  basal  activity  of  the  HUA  system  directly  or 
through  their  actions  on  neurotransmitters  which  are  known  to  modulate  the 
activity  of  the  hypophysio tropic  area. 

Adult  male  and  female  cats  were  prepared  with  left  lateral  cerebro- 
ventricular  and  right  atrial  cannulae.  After  establishing  that  the  HHA  I 

system  of  this  animal  model  was  in  a basal  state  and  responsive  to  exogenous 
stimuli,  the  cerebroventricles  of  conscious  unrestrained  cats  were  perfused 
with  normal  mock  CSF  or  CSF  containing  high  or  low  concentrations  of  Na"*",  K"^, 
Ca^'*',  or  Li+.  Blood  samples  were  taken  at  various  times  during  CSF 

perfusion  and  analyzed  for  cortisol  fluorometrically,.. -These  studies  demon- 
strated that  although  elevated  CSF  CCa2+]  or_CMg2+3  did  not  alter 

plasma  cortisol  levels,  reducing  these  CSF  cations  activated  the  HHA  system, 
possibly  by  hyperpolarizing  an  Inhibitory  neural  path(s)  to  CRF  neurons. 
Altering  CSF  LNa+J  and  C^i^  did  not  affect  HHA  activity. 

r' 

The  excitatory  effect  of  the  low  concentrations  of  cations  prompted 
further  investigations  as  to  whether  the  actions  of  these  cations  were 
mediated  via  adrenergic,  cholinergic  and/or  gabanergic  neural  systems,  however, 
before  pursuing  these  studies  the  influence  of  these  neural  systems  on  basal 
HHA  activity  was  ascertained.  Cats  were  perfused  with  normal  CSF  containing 
various  receptor  antagonists.  The  alpha  and  beta  adrenergic  receptor  blockers 
(phenotolamine  and  propranolol)  administered  alone  or  together  elevated 
cortisol  levels,  whereas  neither  nicotonlc  and  muscarinic  cholinergic 
(mecamylamlne  and  atropine)  nor  gabanergic  (picrotoxin)  blockers  affected 
basal  HHA  activity.  When  all  five  blockers  were  perfused  simultaneously  only 
the  excitatory  action  of  the  adrenergic  blockers  was  noted.  The  consideration 
of  whether  the  action  of  reduced  CSF  cations  was  mediated  via  the  adrenergic 
system  prompted  the  perfusion  of  cats  with  CSF  containing  norepinephrine  and 
a lack  of  Ca^"^.  The  excitatory  action  of  reduced  CCa^'*'Il  was  inhibited  by 
norepinephrine,  suggesting  that  the  lack  of  this  cation  inhibited  the  release 
of  the  adrenergic  neurotransmitter . 

A final  consideration  was  to  ascertain  whether  the  excitatory  effects  of 
reduced  CSF  cations  and  receptor  antagonists  acted  via  the  feedback  site(s). 

The  cerebroventricles  of  cats  were  perfused  with  dexamethasone  together  with 
reduced  CSF  cations  or  receptor  blockers.  The  stimulatory  actions  of  the  low 
concentrations  of  cations  and  the  adrenergic  receptor  blockers  were  Inhibited 
by  dexamethasone. 

These  data  suggest  that  in  the  conscious  unrestrained  cat  basal  activity 
of  the  HHA  system  is;  1)  influenced  by  the  concentrations  of  CSF  cations; 

2)  maintained  primarily  by  the  inhibitory  action  of  the  adrenergic  system  and 

the  latter  is  dependent  upon  normal  extracellular  CK^H,  CCa2+]]  and  •'Jud 

3)  not  maintained  by  the  cholinergic  or  gabanergic  system  nor  is  the  effect  of 
the  adrenergic  system  mediated  via  the  cholinergic  and/or  gabanergic  systems. 

In  addition,  the  extltatory  action  of  lowered  CSF  cations  and  the  inhibitory 
effect  of  the  adrenergic  system  on  basal  HHA  activity  seem  to  act  through  the 
feedback  site(s).  Tlius,  it  is  postulated  that  those  stressors  which  lower 
CSF  cations  may  at  least  partially  activate  the  HHA  system  by  relaxing  the 
tonic  Inhibitory  action  of  the  adrenergic  system. 
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Many  Ciwlroninenta.!  stressorii  such  as  hypoxia,  hypcrcaprda, 
hypotheri.ria,  etc.  have  been  shown  to  enhance  adrenocortical  activity; 
however,  the  mechanisiriCs)  whereby  these  stressors  affect  the 
hypotlialarao-hypophyseal-adrenocortical  (IIHA)  systeui  is  not  readily 
known.  It  has  been  proposed  that  the  adrenocortical  stimulus  may  be 
media-ted  initially  throuf;h  peripheral  respiratory  chemoreceptors  for 
acute  hypoxia  (76,  78,  87)  and  the  hypothalano-hypophyseal  conjilex  for 
acute  hypercapnia  (77,  79).  Tliese  stressors,  as  well  as  others,  have 
also  been  shown  to  affect  acid-base  balance  and  ultimately  tltc  [II  ] of 
cerebrospinal  fluid  (CSI-)  • ’^^e  proximity  of  the  hypothalamo-hypophyseal 

complsix  to  the  ventricular  system  and  CSF  led  Halasar.os  and  Marotta 
(83,  34)  to  investi^nto  whether  changes  in  CSF  [H^]  would  affect  HIIA 
activity  a.s  well  as  respiratory  parameters.  They  showed  that  in 
nonstressed  anesthetized  dogs  perfusion  of  the  cerebrovcntxicles  Avith 
elevated  CSF  [H^]  sticiula.tcd,  while  decreased  CSF  [11^1  inhibited, 
adi'enocortical  secretory  rates.  Furthermore,  the  perfusion  of  basic 
CvSF  attenuated  the  adrenocortical  response  to  hypoxia,  v.’hexeas  a.cidac 
CSF  augmented  this  response. 

.J. 

In  addition  to  chjuiging  CSF  [11],  various  stressors  are  known  to 
alter  other  brain-CSF  cations  idi'ich  in  turn  could  affect  central 
neural  (c.g.,  hy  inthalamic)  activity.  Dogs  subjected  to  JoAscrod 
ambient  oxygen  (Op)  conce/AtraticT'S  exlubit  not  OAly  respiratory 
alkalosis  but  also  dccroasos  in  CSr  [K^].  The  5nha1ntioi\  of  bigb 
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coiiccutral  ions  of  carbon  dioxido  tCO^') 
[Iv^]  (14).  Furthori.ioi'o,  l ad  iolabcl  l^'cl 


loads  to  art  oloval.ion  in  CflF 
inci’oaso;;  ai'.J 


decreases  in  CSi-  niton  liyjterjiyrctxia 


is  jiro'.’accd  by  injecting;  a pyrogen. 


Snli.tOiiella  typbosa,  in^o  the  lateral  ventricle  ox  conscious  cats  (104). 

Alterations  in  various  C.il-  cations  induced  eitlier  by  Intra- 
ventricular injections  of  cations  or  cnvlrcnmontal  stressors  are  also 
capable  of  affecting  body  ten'perature,  respiratory  rate,  heart  rate, 
arterial  pressux'e,  thirst  rnd  hunger.  The  ccrebroventricular  or 
push-pull  (posterior  hypothalanus)  perfusion  of  unanesthotized  cats 
and  monkeys  vitli  CSF  containing  markedly  elevated  [Ma  J h;is  been  shovn 
to  increase  body  temperature,  whereas  perfusion  with  high 
decreased  body  temperature  (3G,  9S,  100,  101,  102).  Excess  or  Mg^‘ 
had  essentially  no  effect  on  body  tempf-'raturc.  The  altered  temperatures 
persisted  imtil  tlie  [Na  ] and  ] returned  to  normal  levels.  T)u:s, 

a nev;  "set -point”  was  established  and  the  animals  were  capable  of 
Ki.'dntaining  tliis  iicwly  acquired  temperature  \;hen  challenged  by  a hot 
or  cold  stressor  (102) . ’ihese  investigators  postulated  that  body 
tcnipe'rature  is  maintained  at  37'’C  by  "inborn  enzymatic"  functions  of 
posterior  hypothalamic  neurons  that  regulate  tlie  release  of  a 
nemotransmlttor  (c.g.,  acetylcholine)  depending  upon  the  ratio  of  Na 
to  in  the  extracellular  fluid  (98);  however,  the  high  c.o^u'.*.■n^  imtiou 

of  Ka^  and  Ca^^  used  in  these  studies  may  have  nonspecificany  stimulated 
and  inhibited,  I'osuectively,  the  heat  gain  center  (41).  Others  luive 
jiroposcd  that  it  is  not  necessary  to  postulate  a "set-point",  since 
osiaorcccxitors  iri  the  preopt  ic  •'.•rea  of  tlie  Iiypol  juilam’.is  (48)  may  deteef: 
ch.aiig.es  in  ilie  lia  /Oa^  or  ossolax'ity  and  liansduce  these  into  signals 


A 


to  the  tcmporatiu'e  rof.ulatiii*'  centci-s  (^24). 

Cl>angln"  tlic  concentrations  of  K^,  Ca^^,  or  Mf,^^  in  various  limbic 
sites  can  influence  respiration,  heart  rate  and  arterial  pressure 
(94,  106,  117).  Vlithin  three  minutes  after  the  microinjcction  of 
200-800  yg  K into  the  cat's  i.nfundibului!i  respiratory  rates  increased 
(16),  while  a 25%  KCl  solution  injected  into  either  the  hippocaiopus  or 
cerebrovent rides  of  rats  (4)  and  dogs  (28),  respectively,  increased 
heart  rates.  On  the  oth.er  htind,  hypoventilation  and/or  bradycardia 
occurred  when  Ca^  or  Mg^  »vas  elevated  in  the  hypothalami  of  the  cat 
(16),  rot  (16)  and  rabbit  (24),  Ibe  effects  of  elevated  [K^],  [Ca^^] 
and  [Mg^^]  on  respiration  and  heart  rate  may  be  attributed  to 
excitation  and/or  depression  of  neural  centers  located  within  the  brain 
stem.  The  perfusion  of  CSF  containing  a lack  of  or  an  excess  of 

through  the  cerebro ventricles  of  anesthetized  dogs  caused  marked 
elevations  in  arterial  pressure,  while  excesses  of  Ca^^  and 


iiito  various  hypol.lial.'unic  silos  (c.p..,  rm toriox-,  lateral,  and  dorsal) 
of  tlie  rat  (33),  rabbit  (ll'-?)  or  £o- 1 (3)  motivated  the  aniir.als  to 
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drink  witliin  ipi mites  aCtei-  tlie  inject  ion.  TJie  increased  drinking; 
occurs  Kiion  osmoreceptors  in  tlic  hypotiuilai’ins  are  stimulated  by  tlie 
increased  tonicity  of  tbe  cxtraccllxilar  fluid  (3). 

Although  little  information  is  available  on  tlie  actions  of  CSF 
cations  on  HHA  activity,  the  alterations  in  brain-CSl'  Na"*^,  k"^, 

£tnd  Mg  caused  by  several  environmental  stressors,  as  v;oll  as  the 
effects  that  experimentally  induced  clianges  in  brain-C.'SF  catioi's  liave 
on  various  physiological  and  behavioral  activities,  make  it  tempting 
to  postulate  that  these  CSF  cations  may  also  affect  the  activity  of  the 
liUi\  system.  Although  specific  Tuechanisr.i(s)  describing  the  regulation 
of  physiological  activities  by  brain-CSF  cations  arc  not  readily 
understood,  the  probable  actions  of  these  cations  on  the  IlHA  system  may 
be  1)  directly  on  primary  sites  (i.e.,  CRF  neurons  and/or  adonohypo- 
jihysis);  2)  indirectly  on- secondary  sites  (i.e.,  neural  systems  or  paths) 

Vi’hich  may  exhibit  adrenergic,  cholinergic  and/or  gabanergic  | 

activity;  and  3)  a conmion  neural  pathway  (feedback  site)  tliat  could 
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postsynaptic  potentials;  and  3)  be  involved  in  the  i-e-uptabe  of  the 
ncurotrnnsnitter  by  nerve  cndi’.nis  (8,  11,  45,  5i)) . Although  Li"*^  may  he 
substituted  for  Ka  in  niaintaining  neural  fiuiction  (60),  this  ion 
decreases  the  release  of  norepinephrine  and  serotonin  froE  the  ra.t’s 
brain  (21,  55,  58),  increases  the  uptake  of  monoaDincs  and  modulates 
tryptophan  hydroxylase  activity  (65,  68,  85).  A combination  of  these 
actions  of  Li  may  lead  to  the  normalization  of  Donoamino  content  at 
synapses  with  the  subsequent  amelioration  of  the  manic  or  depressive 
state  in  hiunan  patients  (21,  55,  58,  65,  85).  Furtherniore,  activation 
of  neurons  can  occur  when  extracellular  [K  ] is  markedly  increased 
(45,  53,  75,  96).  liiese  effects  of  include  depolarization  of  the 
axonal  membrane  for  the  propagation  of  an  action  potential  and/or 
depolarization  of  the  prcsynaptic  terminal  resulting  in  ncuro- 
transaitter  release  and  tlie  subsequent  inciease  in  synaptic  activity 
(45,  53,  75,  96,  97). 

Neurons  and  other  secretory  tissues  may  be  excited  by  Na  and  K ; 
however,  the  presence  of  normal  extracellular  [Ca^^j  is  essential 
for  the  coupling  of  stimulus  and  secretion  of  neurotransultters  and 
hormones  (6,  8,  32,  114,  115,  127),  while  Mg^^  is  involved  in  the 
active  uptake  of  ncurotransmittcr';  into  the  storage  vesicles  (113).  An 
additional  function  of  normal  [fa"  1 is  the  generat.icn  of  the  spike  in 
an  action  potential  (.32,  60).  When  the  extracellular  [Ca^"^J  of  ner.ro.as 
is  reduced,  spent -11100115  discharges  occur  in  the  forr:  of  the  action 
potential  (37,  94)  which  is  attributed  to  an  increase  in  conductance 
of  monovalent  ions  (37,  107).  On  the  other  linnd,  low  [Mg^^J  does  not 
appear  to  affect  neural  activity  (60),  The  ioiiotopliorotic  application 
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of  higli  cr  to  jieiiron;;  dccicases  neural  aclivity  (12i>)  . 

IMs  suppressive  effect,  appear.';  to  be  localized  Ir.  tlie  postsynapt.ic 
act.ivity  of  neurons  (125).  In  coTitrast,  increased  and  [Ca^^] 

at  the  neuroauscular  junction  are  anta[;Oiiistic  to  each  other.  Tl:e 
decreasing  activity  caused  by  can  be  restored  by  increasing 

(12,  60).  The  antagonistic  action  between  Mg^^  and  is  a 

presynaptic  competitive  effect  v.-hicb  reduces  the  release  of  acetyl- 
choline (60)  . 

The  numerous  effects  of  Ka*,  K^,  and  Mg^-^  on  the  activity  of 

neurons,  as  v;ell  as  other  cells,  suggest  the  posssibility  that  these 
cations  could  act  directly  on  various  components  cr  levels  of  the  IIHA 
system.  Although  the  presence  of  extracellular  hut  not  K^,  is 

required  for  the  secretion  of  glucocorticoids  from  ndrenocor t.i cal  cells 
(56),  this  component  of  the  IHIA  system  can  be  excluded  from  being 
affected  v/hen  CSF  cations  are  changed  directly,  since  C5F  a-iid  the 
systemic  circulation  are  essentially  separated  and  maintained  by 
different  mechanisms  (23).  Even  though  CSF  cations  could  enter  the 
systemic  circulation  during  tlie  perfusion  of  the  ccrcbrcventricles, 
the  riarlced  dilution  of  these  ions  would  render  them  ineffective  on 
adrenocortical  cells. 

Th  rcmainii'g  two  cOiqnjnoriLs  of  the  lillA  system,  the  CPd-  neurons 
and  the  chromophebes  of  tlic  adenojiypophys i.:;,  could  be  afCoctcc!  directly 
by  CSF  cations  if  a connection  is  p-'-ovided  bctv;een  tb.e  eerebro- 
vcnti'icular  system  and  the  hypoMari  auo-hypopliysoal  co'rplox.  An 
association  between  the  third  vtuiLricle  and  the  CKF  n(u.roiis  I'.a.s  heon 
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ruid/or  be  tabcii  nctrlvely  by  sjjucu'iTJ /.etl  cpondynal  cell;;,  the 
tanycytes . Tiiesc  cells  send  processes  juxtaposed  to  the  hypothalaip.ic 
neurons  and  nay  secrete  into  th.e  hypothal  aip.o- hypophyseal  portal 
vessels  (47,  109)  . llius,  the  latter  r.iay  act  as  a possible  transport 
channel  bet’vcen  the  cerebrox^cntriclcs  and  the  adenohypophysis , 

Recently  it  has  been  shown  that  when  tlie  luteinizing  releasing  factor 
(LRF)  is  injected  into  the  tliird  r-eritrlcle  of  the  rat,  the  luteinizing 
hormone  (LH)  is  released  (5,  110) . I’urthsrniore,  following  the 
administration  of  Kal^^^,  ^I!-cortlcostcrone  or  ACTEI-I^^^ 

into  the  cerebroyentricles,  these  substances  appeared  in  the  median 
eminence,  infundibular  stalk  and  single  portal  vessels  (62,  116)  . Thus, 
it  is  conceivable  that  Cbh  cations  could  be  transported  to  the  adeno- 
hypophyseal  excracellitlar  space  and  affect  adcnohypopEiyscal  activity. 
Further  credence  is  given  to  this  liypothesis  when  one  considers  that  the 
corticotropin  releasing  factor  (CRF)  and  adrenocorticotropin  (ACni) 
are  released  from  in  vitro  preparations  of  rat's  hypothalamic  (6)  and 
adenohypophyseal  slices  (69,  70,  90),  respectively,  \dien  incubated  in 
the  presence  of  30-55  inM  K*  and  0.75  iriM  Ca^*^. 

In  addition  to  the  possible  direct  effects  of  CSF  cations  on  CRF 
neurons  and/or  the  anterior  pituitary,  the  monoamines  (e.g.,  noreplnc- 
plirine,  dopamine  and  serotonin)  which  liave  been  located  in  the  ^ 
h>'iiothaliimus  (19,  38,  ^0,  52,  77,  111,  119),  could  serve  as  indirect 
mediators  of  CSF  cations  by  the  latter  altci’ing  the  synthesis,  storage, 
release  and/or  uptuhe  of  these  neurotranseitters.  llie  monoamir.e, 
serotonin,  when  rinjoctod  into  the  anterior  hypothalarius  oT  cats  rud 
T..onkcys  increases  body  1 emperaturo,  viliere-!5  lowering  iiie  body 
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temperature  of  these  animals  causes  liypothalandc  release  ol  serotoiiiii 
C105)  . Tliese  studies  suggest  that  this  monoaiaiue  aflccts  the  heat 
gain  luechanlsia.  hvidcnce  of  a rod-,  for  seiotonin  in  regulating  IIIIA 
activity  is  conflicting.  Vdien  serotonin  is  lowered  in  the  rat's  brain 
by  a diet  deficient  in  tryptophan  or  the  intrapcritoneal  administration 
of  para  chlcrophenylalanine  (pCPA) , an  inJiihitor  of  trj'ptophan 
hydroxylase,  neither  the  hasal  nor  the  acute  stress  levels  of  plasma 
corticosterone  are  affected  (29,  30);  liowever,  others  liave  shown 
that  1)  pCPA  can  act  as  a non-specific  stressoi'  in  rats  (89); 

2)  serotonin  injected  into  the  hypotlialanus  of  hypothalamic 
deafferented  guinea  pigs  is  stimulatory  (108);  and  3)  pCPA  does  not 
affect  basal  cortisol  secretory  rates  of  dogs,  but  does  inhibit  the 
adrenocortical  response  to  hypoxia  (88).  On  the  other  hand,  v;lien  the 
fonnix  is  transected  or  the  animals  are  pretreated  vvith  pCPA,  the 
serotonin  levels  in  the  hippocampus,  which  normally  parallel  plasma 
coi*ticosterone  levels  and  thus  may  be  involved  in  circadian  adreno- 
cortical variations,  decrease  and  a concomitant  disraiption  of  the 
circadian  corticosterone  rhythm  occurs  (27,  121).  Thus,  the  evidence 


1 

i 


j 


addition  to  bloching  serotonccgic  rccopU'fs  (31). 

Other  i.:onc»a:n LUOS  tliat  arc  l.nown  to  iunuence  various  p’lysiol.ogical 
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functions  as  v.’ell  as  possibly  the  Cill-  neurons  include  dopaiaine  and 
norepineplirlne.  V/hen  narcpinephciiie  Is  jnjcctod  into  tlie  lateral 
hypothalamus  of  rats  (46)  and  noidccys  (106)  drinkin<i  and/or  feeding] 
increases,  v;hereas  injection  of  tliis  nonornaine  into  the  anterior 
hypothalamus  of  these  animals  decreases  body  temperature  (1C5). 
llie  administration  cf  his- (l-iiiethyl-4-honiopiperazinyl-thiocarbonyl) - 
disulfide  (FLA-63),  an  inhibitor  of  dopamine  hydroxylase  vhich  elevates 
brain  dopamine  but  depletes  norepinephrine  levels,  elevates  basal  plasma 
corticosterone  levels  of  rats  (89,  120,  121).  Furthermore,  intravenous 
or  cerebroventricular  adrainistration  of  norepiuephrine  into  rats  (10, 

39,  86,  128)  and  do^js  (42,  129)  lowers  plasma  11-hydroxycorticostcroid 
(11  -OKCS)  levels  during  basal  or  stress  conditions,  suggesting  that 
the  noradrenergic  system  exerts  an  inhibitory  action  on  IJliA  activity. 
However,  the  inhibitory  action  of  injected  norcpinepla'ino  on  plasma 
11-CHCS  levels  does  not  indicate  whether  the  endogenous  monoDwine 
is  affecting  alpha  (a)  and/or  beta  (8)  adrenergic  receptors  during 
these  two  states  of  IIllA  activity.  Only  limited  data  are  available 
concerning  the  tj'pa  of  adrenergic  receptor  involved  in  the  iidiibition 
of  11-OKCS  release,  hlien  phentolajsine  (c -blocker)  or  propranolol 
(p-blocker)  is  injected  Intravenoitsly  or  intraventricularly  into 
nonstressed  rats,  corticosterone  levels  arc  markedly  increased  with  the 
c-blockcr  hut  not  vath  the  p-blocker  (1'41),  while  in  Inporatomlxed  (121) 
or  hypoxic  rats  (89)  th.e  iidiibltory  effect  of  norepinephrine  appemrs  to 
be  mediated  by  tbe  a-rcceptors  in  the  formei  stress  and  both  a-  and 
p-receptors  in  the  latter  stress.  V.’Jiether  the  inhibitory  action  of 
norepineplirlne  on  IHiA  activity,  v.h.icb  if.  pnrlially  mediated  through 


.10 


c-  and/or  P-rccoptors  durjnp  laa.il  and  stresr.ful  condit.i ons  in  the  rat, 
is  siiuilar  in  other  aniual  r.odcls  (o.j;.,  cat)  ren'aj.ns  to  l-'C 
ascertained . 

The  cholinerp.ic  neural  systen;,  \.d>icii  5s  involved  in  the  regulation 
of  niunerous  physiological  functions,  iray  also  be  considered  in 
mediating  the  effects  of  altered  CSF  cations  on  IllIA  activity.  These 
may  include  altering  the  release  and/or  uptake  of  acetylcholine  (59, 
107).  Hicroinplantation  of  acetylcholine  or  the  cholinoj7iinetic 
caib:':ol  into  the  anterior  hj'pothalnims  of  monkeys  increases  body 
tci.'pexature , vdiereas  wb.en  injected  into  tl\e  posterior  hypothalaiiius  it 
decreases  body  temperature.  This  suggests  that  the  anterior  hypo- 
thalamic cholinergic  system  is  concox-ned  nith  heat  ga.in,  vheroas  tlie 
posterior  hypothalar'.us  is  involved  vith  heat  loss  (105)  . h'hen  lt,'’v 
closes  of  acetylcholine  or  caibacol  are  injected  into  the  lateral 
hypothalamus  of  the  monkey  (106)  or  the  r-at  (46)  drirldiig  is 
increased,  while  the  administration  of  high  doses  of  carbacol,  which 
stimulates  both  the  nicotinic (n)  and  muscarinic  (m)  receptors,  into 
the  basal  hypothalamus  of  nonstressed  conscious  cats  elevates  plasma 
cortisol  levels  (74).  iViien  liigh  doses  of  atropine  v;hich  can  block 
both  n-  and  m-receptors  (54)  are  injected  into  the  same  sites,  the 
excitatory  action  of  the  agonist  on  the  lUlA  sy.‘-tom  is  hlockcd  (74), 
indicating  that  either  the  n-  and/or  m-rcceptors  exert  a regulatory 
action  on  plasma  cortir.ol  levels;  hov.'ever,  whctl>er  carhncol  affected 
basal  flHA  activity  v;as  not  determined  since  plasma  cortisol  levels 
vcrc  measured  only  in  atropine  plus  cai'hacol  treated  ajrl;;’.:i]s. 
I'urthein.iore,  the  im.pl  an  tat  ton  of  atropine  crystals  in  the  anterior 
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hypoihnlcuaus  of  rats  at  tt  auatcs  tlie  adrenocortical  I’csponso  to  the 
surgical  stress  of  drixilant ation  (49),  ^;})ereas  the  subcutaneous  (71) 
or  intravenous  (72)  injection  of  atropine  into  cats  a few  hours  prior* 
to  the  circadian  rise  in  plasma  cortisol  levels  blochs  this  elevation. 
IJius,  the  central  cholinergic  neural  system  may  contribute  to  the 
regulation  of  IfL\  activity;  however,  whetlier  n-  and/or  n-receptors 
affect  this  system  during  stressful,  circadian  and  basal  activities 
is  not  readily  known. 


Hie  gabanergic  neural  system  has  been  investigated  as  to  its 
function  in  the  central  nervous  system  (CKS)  . Tl\e  neuroti-ansniitter, 
Y-amdjiobutyric  acid  (GABA),  of  this  system  inhibits  neural  activity 
presiijiiably  by  increasing  tlic  conductance  of  the  anion  Cl  (1,  9a)  . 
Ibis  acid  which  has  been  located  in  ccrebrocortical  raid  subcortical 


structures  (63,  93)  has  been  considered  an  important  regulatory 
factor  in  cortical  pyraa;iidal  cell  activity  (93).  Subcortical ly  CARA 
content  has  been  shown  to  decrease  in  the  rat’s  lateral  hypothalamus 
and  increase  in  the  vejitromcdial  hypothalamus  during  hypoglyccmir., 
while  the  reverse  occurs  during  hj'perglyccmia  (63)  . Thus,  many 
investigators  have  postulated  a role  for  CARA  in  rcgulatirg  apj>atitc. 
Furthem  ^rc,  the  granular*  cell  layer  of  tlie  liippocairpus  has  been  shown 
to  contain  CARA  (326)  which  in  turn  reduce j clectri cel  discharges  from 
adjacent  pyramidal  cells  (17).  Since  stimulation  of  the  h.ippocappus 
can  dccroaso  11-OHCS  levels  (66,  91),  tbe  inhibitory  erfect  i.ay  he  via 
pyramidal  neurons  which  in  turn  could  he  regulated  by  CARA  lieucons  of 
the  hippocai-pus.  On  the  otl'.er  hrnul,  when  CARA  is  injected  into  the 
median  ciainoncc  of  cats,  plasm'i  cortisol  levels  incivise  (73).  Tliis 
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suggests  that  a gabanerglc  neural  system  could  ho  acting  in  the  hypo- 
thalamus to  suppress  the  action  of  inhibitory  neurons  on  CRF  neurons. 

In  view  of  the  limited  infoxiaatlon  concerning  the  function  of  GABA  in 
modulating  adenocortical  activity,  furtlier  work  is  required  in  order  to 
determine  the  role  of  this  neural  system  in  the  regulation  of  basal  Hl/A 
activity. 

llie  neurotransmittox's  discussed  above  nay  act  not  only  on  neural 
jiaths  to  the  CRF  neurons  but  also  on  tlie  CRF  neux'ons  tliemselvos , 

Support  for  the  latter  \/as  recently  provided  by  Burden  et  al.,  (13), 
vho  studied  the  effects  of  various  neurotransmitters  on  the  in  vit?ao 
release  of  CRF  from  x'at's  hypotlialnmic  preparations.  They  found  that 
acetylcholine  and  serotonin  increased  the  release  of  CRF,  whereas 
norepinephrine  and  GABA  inhibited  its  x'clease. 

Proper  fxmetien  of  tlic  I2IA  system  is  dependent  upon  the  appropriate 
action  of  the  control  (feedback)  center (s)  which  quaaititatively 
evaluates  incoming  excitatory  and  inhibitory  signals,  aixd  then  send 
a signal  of  an  exactly  determined  intensity  to  CRF  neurons  (123) . 

Ihc  control  center  or  site  that  scx'vcs  as  a common  input  for  various 
iieurochemlcal  and  l;orn;onal  stinuli  could  he  situated  in  the  CKS  and/or 
the  adenohypopiiysi.s . Adninistration  of  cortisol  or  th.o  synthetic 
glucocorticoid,  ch-x.-’intiiasone,  into  tlie  cc ■ rhrovcntriclos  or  vax'iuu.; 
subcortical  sites  (e.g.,  median  eulneuce,  etc.)  depresses  the  stross 
responses  and  Ih'.-  cirerKhiaa  clove;  lo. vs  in  plasma  ll-OlKiS  levels  (20, 

61,  130,  J3J).  Tims,  lUiiriH'heni  i r;l  or  hv>i  monal  ort'ect.s  could  I'C 
inedinted  via  a coiri.aui  coni  ml  c>.r.:'  r.  Furl  hexTioio,  the  cyt  cqvl  a'-vrlc  and 
nuclear  fraction:.  c>'  bypoth.-i] anlc,  1: i ]i  irvcam;!;!  1 raid  adenoh.>pO]diy;.eal 
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cells  have  a high  nffliiiiy  for  glucocorticoids  ('14,  G7,  92,  118),  and 
the  latter  is  known  to  dcgi'css  h}'pothal£iiiiic  and  liiiipocavipal  neuronal 
activities  (18,  35).  Ihis  indicates  that  tlie  pathways  to  the  conunon 
site(s)  can  originate  in  various  areas  of  the  brain.  Althougli  injections 
of  dopamine  and  serotonin  into  the  third  ventricle  of  rats  cause 
the  release  of  sorae  trophic  horaones,  tlisse  monoaiaines  have  no  effect 
v;hen  injected  directly  into  the  adenohypopliysis  (57).  This  suggests 
that  neural  mechanisms  and  their  neurotransraitters,  which  affect 
hypothalamo -hypophyseal  activity,  vrould  act  through  a common  site  00 
in  the  hypothalamus  releasii'.g  hypothalamic  factors  and  not  directly 
on  the  adenohypophysis.  Finally,  Sm.alik  (123)  showed  that  vdien  rats  with 
hypothalamic  dsxaiaethasor.e  implants  are  subjected  to  stress,  the 
adrenocorti.cal  response  is  abolished;  however,  when  a crude  CRF 
preparation  is  injected  into  dexnmathasone  implanted  rats,  the  adreno- 
cortical I'esponse  was  normal  (i.e.,  stimulated)  for  at  least  24  hr 
before  gradually  declining  (i.e.,  inhibition).  These  data  suggest  that 
initially  glucocorticoid  inhibition  is  at  the  hypothalamic  level  and 
gradually  (after  24  hr)  the  sensitivity  of  the  adenohypophysis 
decreases,  presumably  due  to  the  absence  of  tonic  hypothalamic 
influences  on  the  anterior  pituitary  (67,  123) . 

Since  clianges  in  brain-CSF  cations  can  affect  various  physiological 
activities,  it  is  posti:lated  that  those  mechanisms  which  regulate  the 
ionic  cnvix'oinaent  of  tb.c  Jiypothalnmus  and  are  influenced  by 
various  stressors  could  aTfoct  FHA  activity  citber  directly  and/or 
through  neuroCransmittors.  Tlius,  t)u:  basic  problem  cf  this  rese.irch 
project  is  to  ascertain  tbe  rolo(s)  of  CGF  cations  in  rc<;nl:iting  lillA 
activit}'.  In  order  to  accomplish,  this,  the  fol  lo'whig  will  be  taken 


II.  FATIiRIALS  AMI)  METHODS 


General  Preparations 

Seventy-four  (254  trials -experiments)  pale  anJ  feirale  adult  cats, 
veip,h.ing  5.6  ± 0.1  v;ere  maintained  in  separate  cap;cs  in  a constant 
temperature  (25®C)  room  v/ith  a 12L:12D  (li{;hts  on  0600  lir)  lighting 
schedule  and  fed  I'/ayne  cat  food  (Allied  Mills)  and  water  ad  libitu]a. 

Tlie  cats  were  anesthetized  with  Ketamine  Hydrochloride  (25  m.g/kg;  Parke, 
Davis  and  Co.)  and  a polyvinyl  tubing  (I.D.  = .044”;  O.D.  = .065") 
was  positioned  in  the  superior  vena  cavn-right  atriiui  via  tlie  left 
external  jugular  vein,  ’flie  cat’s  head  was  placed  in  a stereotaxic 
frame  and  an  incision  made  along  the  skin  of  the  skull.  The  muscles 
on  the  parietal  bone  were  retracted  and  the  skull  cleaned  witli  lOv 
hydrogen  i)croxide  (J.T.  Baker  Chemical  Co.). 

The  coordinates,  8 irm  aiitorior  to  the  earbar.s  and  4 mm  lateral  to  the 
midline  (15),  were  located  on  the  parietal  bone  and  a hole  (2  rran)  was 
drilled  through  the  bone.  A modified  electrode  holder  to  which  was 
attached  a stainless  steel  block  (12x12x12  pm)  containing  a bottom 
outlet  Viitli  a 22C-l’;i"  stainless  steel  cutting  needle  and  two  side 
cutlets,  one  for  moni  i oriug  pressure  and  tlie  otlicr  for  perfu.'.i.rg  O.D'o 
.saline,  was  lowered  gradually  into  tlic  brain.  TTiis  procedure  causi'd 
a gradual  increase  in  pressure  in  tlu-  perfusion  system  until  the 
lateral  ventricle  was  reached.  This  was  indicated  by  a sudden  drop  in 
pressure  recorded  on  a Cress  polycrejih  (I'odel  77D)  via  a r.tatha.m 
traii.sdiicec  (Model  25).  Tl.e  vertricul.:r  coordinate  (1515  pm)  was 
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recorded  oi'd  the  cutting;  needle?  reirncted.  Tlie  latter  ;;us  replaced 
vrith  a l‘lfi  (1")  needle  caimula  a polyvinyl  sleeve.  vn>ile  perfusiufi 

0.9^1  saline  t]'.rout;l\  the  needle  to  el  iuiinnte  blockci^e  of  tlie  cjiiiiiula  v;ltli 
brain  tissue,  the  cannula  v/as  lowered  into  position,  nie  exteiT.al 
jup.ular  cannula,  vdiich  \.'as  l-roupht  under  the  shin  of  the  nock  aivd 
connected  to  another*  19G  needle,  v;as  attached  to  the  top  of  the  skull. 
Ihis  cannula  as  v;ell  as  the  lateral  ventricular  cannula  v/ore 
permanently  affixed  to  the  skull  vitli  acrylic  cement  (Fine  Precision 
Dental  Manufacturing  Co.).  The  incision  was  closed  with  v;onnd  clips 
(14  Em)  and  the  animal  injected  »/ith  one  million  units  I'.icillin  C-R 
O'.'yeth  Lahoratorlos,  Inc.).  Following  the  operation  the  animal  v;as 
retuTiied  to  its  cage  and  checked  daily  for  healing  of  wounds,  patojicy 
of  cannulae  and  general  healtli.  Following  tlie  post  siugery  experiment, 
all  cats  were  allowed  to  recover  for  at  least  seven  days  prior  to 
exp)fcr.imentation.  Vdicn  a cat  was  used  for  more  than  one  cxjicrimenl;  : t 
least  two  clays  elapsed  between  experiments. 

Validation  of  Animal  Model 

In  order  to  determine  the  time  after  surgei-y  when  cortisol  levels 
return  to  non-stressed  levels,  blood  samples  (4-5  ml)  were  taken  from 
13  cat:;  immediately'  following  suegexy  ami  between  (ISOO-I(U)O  hr  on 
days  1,  2,  3,  4 and  7 after  sui'gery.  ’j'iiesc  blood  satapTcs,  as  well  as 
all  subseciueiit  bl  u'd  r.ai';ples,  wore?  storc?d  in  an  iced  hath  until 
centrifuged  at  2COO  xj..i  fox*  12  min.  IMa'xpa  \;;is  transTerred  to  plastic- 
vials  and  stored  at  -20“(’,  until  aiialy:'cd  for  cortisol  nuoror/xtrical  1 y 

(C>i)  . 
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In  order  to  determine  that  th.e  animal  (2U  triale  on  six  cats) 
model's  adrenal  cortex  uas  functioning,  a large  dose  (20-25  units)  of 
ACTil  (Acthar;  famiour  Pharmaceutical  Co.  or  Cortrosyn;  Organon,  Inc.) 
i;as  injected  intravenously  (IV)  into  cats  at  least  seven  days  jiost- 
operatively.  Blood  samples,  which  were  analyzed  for  cortisol 
concentrations  (64),  were  collected  before  and  5,  10  and  15-20  min 
after  the  W infusion  of  ACTH.  In  addition,  ACTH  dose-response  studies 
were  performed  on  22  cats  so  that  th.e  minimum  dose  of  ACTH  (sensitivity 
test)  v;hich  would  cause  tiaximuin  elevati.ons  in  cortisol  levels  could 
be  ascci'ta.ined . Basal  blood  samples  were  taken  before  and  15-20  min 
after  the  IV  infusion  of  0.5,  5,  25  or  50  units  ACTH. 

Perfusion  Apparatus  and  Materials 

Tlie  perfusion  apparatus  (Pig.  1)  consisted  of  a sjjecinlly  constructed 
plastic  block  (b  = 42  Kn;  H = 40  mai;  M ~ 13  inm)  with  a hottom  outlet 
which  was  connected  to  the  cerebrovcntricular  cannula  for  perfusion  of 
normal  ox*  experimental  CSF  (Table  I).  An  outlet  on  top  of  the  block 
was  connected  via  a Stathiua  transducer  to  a polygraph  for  monitoring 
CSF  pressiure.  The  te.aperature  of  the  CSF  xvas  maintained  at  37.5®C 
by  heating  a ni chrome  wire  sux'rounding  th.e  CSF  inlet  tube  with 
approximately  70  volts  frorii  a variable  trjuisforrner.  Tiie  CSF  te^apera-turo 
was  monitored  with  a thermistor  probe  (Atkins  Technical  Ii<c.).  Iho 
perfusion  apparatus  v/as  needed  to  introduce  normal  or  experinental 
CSF,  which  were  contained  in  two  boal.crs  and  agitated  by  ragnetic 
stirrers,  into  the  cerebroventricles  via  a micro-infusion  pump  (lioltcr; 
Kodol  Rh  175)  at  constant  tcirperaii.ra  (37.5°C),  pressure  (15  cm  1I?0) 
cuid  rate?  (.50  pl/i.iLn)- 


I'jj'.urc:  1.  Tlie  jurfusion  rn1  ir;  niul  olluvr  c’<iu  i i iifd  t C) 

deliver  expe  li  incnl  ;i  1 CSl'  ;it  and  r.O  iil/ii'n  vhile 


inriint  ;i  i n i n<;  CSI-  jirer.Mu  e,  1 eiiiiV  i at  ure  and  !>!!. 


TABI.i;  1 
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CSF  SOlAil  lONS  USi;i)  I'OR  l>HUt''USlNG  'llll',  CHRl’.BROVlR'iTlU ClAiS  Ol-  CA'I'S 


CSI-  coinpusition  (wh’q/l.)*’ 


Groups 

Li^ 

HCOj 

Urea 

Glucose 

Normal 

158 

2.98 

0.00 

3.00 

1.33 

24.6 

6.70 

3.68 

Sodiiuii 

Hip.h 

168 

2.98 

0.00 

3.00 

1.33 

24.6 

0.00 

0.00 

Low 

148 

2.98 

0.00 

3.00 

1.33 

24.6 

13.00 

7.00 

Potassimn 

High 

152 

9.00 

0.00 

3.00 

1.33 

24.6 

6.70 

3.68 

Low 

161 

0.00 

0.00 

3.00 

1.33 

24.6 

6.70 

3.68 

Lithiiui! 

High 

156 

2.98 

2.00 

3.00 

1.33 

24.6 

6.70 

3.68 

Low 

157 

2.98 

1.00 

3.00 

1.33 

24.6 

6.70 

3.68 

Calcium 

High 

152 

2.98 

0.00 

9.00 

1.33 

24.6 

6.70 

3.68 

Low 

161 

2.98 

.0.00 

0.00 

1.33 

24.6 

6.70 

5.68 

Magnesium 

High 

155.3 

2.98 

0.00 

3.00 

5.99 

24.6 

6.70 

3.68 

Medium 

158.7 

2.98 

0.00 

3.00 

0.67 

24.6 

6.70 

3.68 

None 

159.3 

2.98 

0.00 

3.00 

0.00 

24.6 

6.70 

3.68 

‘’’Osmolality  (314.8  mOsm)  kept  constant  by  varylnj;  coiiccntra!  Ions  of 
Na"*^,  urea  or  {;lucose.  The  pH  v;as  ailjustcil  to  7. 33  viitli  3 N MCI. 
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The  cohipos.! t ,i o;i  oI  jiDn.'i.'il  ir.ocu  CSl-  (Ti'.hJ.c  I)  for  cats  was  formolaLod  j 

accortlint*  to  pnhl  is’no'.l  report. s (2,  7,  22,  SI).  Since  previovis  ' 

cxporiif.ents  (83,  84)  from  our  laboratory  liava  sbo'.yn  that  altering, 

C5I’  [11^]  can  inarhodiy  affect  the;  cortisol  secretion  of  dogs,  the 

[i!^]  i;as  rigorously  controlled  at  pll  7.35  in  both  nornal  and  ' 

j 

experimental  CSF,  In  addition,  the  osmolality  was  roaintaiued  at 
514.8  KiOsm  by  varying  primarily  tlie  urea  and  glucose  content. 

Perfusion  Procedure 

On  the  r.oming  of  experirontation,  the  animals  (seven  days  post- 
operative) v.’ero  brought  into  the  testing  room,  a quiet  location  adjoining 
th<:  r.iain  laboratory,  vjhere  th.ey  were  hept  for  at  least  one  h.our  prior  to 
the  beginning  of  e.xperii.'.’entation,  Tiie  per.cusion  appara.tus  v;as  locl.ed 
into  the  ventricular  cannula  (Fig.  3)  and  the  a.niir.al  placed  in  an  open 
ton  box  (46x46x46  era).  Perfusion  of  cats  v;ith  normal  CSF  at  50  pl/m.in 
was  then  started  (15,  22) . The  CSF  pressure  was  recorded  on  a Grass 
polygraph.  ITiose  animals  whose  CSF  pressure  increased  or  did  not 
stabilize  at  normal  CSF -prc-ssure  (10-20  cm  H^O)  were  imnediatcly 

I 

excluded  from  further  perfusion.  After  30  min  a control  or  j<re-pe.r.’ od 
blood  sample  v;as  collected.  Trmiedintcly  following  the  collccticn  of 
the  coutx'ol  blood  sample,  the  polyvinyl  tube  carrying  normal  CSF  was 
replaced  idth  the  experimental  CSF  line  and  the  corehrovcntricles  wore 
perfused  for  an  additio.’al  60  min  witi.  Mood  samples  b'clng  taken  at  30 
and  60  min.  To  a.-.certain  the  maxim’’  responsiveness  of  the  adrenal 
cortex,  at  the  end  of  cadi  cxperiiaental  period  20-25  units  ACTII  weri.’ 
infused  or  r tv.o  mirates  into  the  cxtcjnal  jugular  V(dn,  the-  cannula 

f.aa’jiTe  talu  a ap])rux  im;i1  el y 20  min 

.J 


fJu.shed  witli  saline  and  a ii.lood 


later.  All  blood  sriiaplcr.  v:ere  saalyzc-d  for  cortir.ol  fliioroinetrically 

(64). 
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Perfusioa  Experii:;eiit?i 

1.  Effects  of  the  Perfusion  Apparatus  and  Aiics'thesla 

To  further  test  the  exiJer.iiaental  laodel,  it  v;as  necessary  to 
determine  the  effects  of  the  perfusion  apparatus  mounted  on  the 
conscious  animals  on  plasma  cortisol  levels  and  the  tolerance  of  the 
cat  to  this  procedure.  Three  groups  of  cats  vrcre  used  in  this  study. 
One  group  of  cats  (six  trials  on  six  cats)  did  not  have  the  perfusion 
apparatus  attached  to  the  ventricular  cannula,  A second  group 
(six  trials  on  .six  cats)  Itad  the  apparatus  attacl>ed  without  p<irri2sxrip 
CSF  and  a third  group  (six  trials  on  five  cats)  had  the  apparatus 
attached  with  normal  CSF  perfused  at  50  pl/inin  through  tlie 
ventricles.  Blood  samples  were  collected  at  50  min  (control  or 
pxe-period),  6C  and  90  min  (30  and  60  min  experimental  periods) 
and  at  110  min  (ACTII  period) . 

Anesthesia  experiments  i/ere  also  perfoined  in  order  to  determine 
whether  the  conscious  cat  would  be  a better  animal  model  for 
perfusion  with  CSF  and  not  result  in  significant  changes  in  basal 
plasma  cortisol  levels.  Cats  were  anestl’otizcd  i.ith  sodium  pento- 
barbital (25  rig/kg;  Abbott  laboratories)  and  perfused  i.-ith  normal 
CSF  for  90  min  with  20  units  AC'fir  being  infused  IV  at  the  end  of 
experimental  peri-d  while  norm,!!  CSl'  was  perfused  for  an  additional 
20  nin. 

2.  ^F  Cation  Studios 

A scries  of  exparinents  were,  designed  to  ascoita.iu  whether 


J 
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altcrcHl  KP  oatioii  concent  rat  ions  Lnowa  to  occur  clurlng  variouu 
env.lropii;eutal  streaiiors,  i>ucli  ns  I'.ypoxia  arnl  P.ypercapnin  (9),  v;oulcl 
affect  the  JI/IA  syste?;!.  Various  concentrations  of  CSP  Ka  , K , 

Ca^  ^ ami  (Table  I),  physiological  ranges,  v/ere  perfused 

(50  pl/inin)  through  the  cerehroventricles  of  conscious  cats.  In 
tvjo  groups  of  aniwals  1.0  and  2.0  nlin  fh  were  substituted  for  Na^. 
Following  a 30  min  control  period  during  vrhich  tlie  animal  was 
perfused  vdtli  normal  CSF,  increased  or  decreased  amounts  of  the 
above  mentioned  cations  (73  trials  on  27  cats)  were  perfused  during 
a 60  jnin  experimental  period  \ *th  ACTII  infused  IV  at  the  end  of  this 
period . 

Agonist  and  Antagonists  Studios 

In  order  to  separate  the  a-  and  n--reccptor  actions  of  norepine- 
plireine  and  the  n-  and  n-rcceptor  actions  of  acetylch.oline  on  IIHA 
activity,  the  a-adrenergic  blocker,  phentolamine  (Ciba  Pharm.  Co.), 
the  P-blocker,  propranolol  (Sigma  Chemical  Co.),  the  n-blocker, 
necamylamine  (Sigma  Chemical  Co.)  and  the  m-blockcr,  atropine 
sulfate  (Mallinchrodt  Chemical  V.’orks),  v;ere  added  to  normal  CSF 
and  perfused  through  the  cerehroventricles  of  conscious  cats 
(71  trials  on  33  cats).  S.  lection  of  doses  and  pcrfusio/i  ra.tos  for 
the  tt-  and  P -blockers  were  based  on  tIio.se  of  Heise  and  Krc'seber-g 
(50,  51),  v.'ho  perfused  tlio  ventricles  of  dogs  with  30  and  10  jig/min, 
respect ' vely.  In  additic>n,  the  doses  v;e.ve  riod.i.ricd  in  order  to 
avoid  overt  bebavsioral  crfect.-.  such  a'.-  vocali'/.aticm,  tremtu'S  and 
cxcitabi.l  it  y when  conscious  cats  i.vjv  perfused  with  the  vari<.as 
blockers.  'Jims,  a g.roup  of  cals  (four  trials  on  ri)ur  cats)  was 


23 


pei'fusccl  v;lth  pl'.enotolauino  at  30  pjj/jiiin  and  a second  {-roup 
trialvS  on  f.ii/s  cats)  vdth  1.0  p"/inin,  v.'hlle  propranolol  was  perfused 
at  10  iig/nin  (four  trials  on  four  cats)  and  0,3  pg/iain  (nine  trials 
on  seven  cats) , Mother  group  of  cuts  was  perfused  sinultaneously 
v/ith  phentolaraine  (1.0  pg/run)  and  propranolol  (0.3  pg/nin)  in  order 
to  determine  the  effect  of  blocking  both  a-  and  3-reccptoi's  on  lliLA, 
activity. 

Mecaraylamine  was  perfused  at  O.S  pg/n;in  (seven  trials  on  si:c 
cats)  and  3.0  pg/riin  (seven  trials  on  seven  cats),  while  atroidne 
was  first  perfused  at  0.8  pg/r;ln  (seven  trials  on  five  cats)  and 
theji  at  3.0  pg/inin  (ciglit  trials  on  six  cats).  Perfusion  doses  and 
rates  were  obtained  fron  Gauong  (d3)  v.ho  perfused  the  cerebro- 

■ 1 

ventricles  of  surgically  stressed  dogs  with  atropine.  Tl'.ese  low 

I 

doses  of  atropine  were  selected  since  it  is.  known  that  high  doses  ' 

affect  both  n-  and  m-recejitors,  whereas  low  doses  affect  priiriarily 
the  K-receptors  (54) . Kecamylauine  together  with  atropine  was  ' 

perfused  (six  trials  on  four  cats)  at  0.8  pg/inin  in  another  group  ’ 

-of  cxpsr.iwents . In  order  to  detcrinine  the  interaction  of  hoth. 

adrenergic  and  cholinergic  receptors  on  IUJA  activity,  phojitolaj^ine  j 

(1.0  pg/iain),  propranolol  (0.5  pg/i.iin),  raecanyl amino  (0.8  jig/inin)  .and 
atropine  (0.8  pg/riin)  were  cembiued  and  jierfused  in  six  cats  (six 
trials) . 

4.  GABA  Studies. 

The  influence  of  the  luppocartpur.  (44)  on  adrci’.ocort:ical 
activity  .and  \he  {ircsence  of  GABA  (126)  in  this  lii.bic  structure; 
prompted  tlio  perfusion  of  GABA  in  eider  to  ascertain  the  effects 

J 
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of  this  Tie;iu'otraiisiRittcr  on  I.'IA  activity,  fron  Iho  X'"i’f<‘Siou 
studies  jicrformed  cm  rats  by  Mc.hara  and  Stark  (S2;,  the  dose  and 
perfusion  rate  of  CASA  imrc  determined.  CACA  (Six,T;'.a  Cheinical  Co.) 
v<as  added  to  normal  CSF  and  perfused  (lOQ  in  sir.  cats 

(six  trials).  Picxotorln^  a y-blocker  for  GABA,  v;as  perfused  in 
order  to  further  delineate  tlis  action  of  GAEA  on  H!L\  activity.  TJio 
dose  and  perfusion  rate  of  picrotoxin  (Sigma  Chemical  Co.)  vcas 
obtained  from  the  studies  of  Lee  and  Yang  (80)  ac  ri  f roin  jireliLiinai'y 
experiments  in  v.’hich  various  doses  of  the  blocker  \;ere  added  to 
normal  CSF.  Behavioral  effects  were  the  xu'imary  factors  that 
resulted  3m  the  selection  of  1.0  yg  picrotoxin/min  to  X'mrfu.se  through 
the  ventricles  of  five  cats  (five  trials).  . In  order  to  ascertain 
the  interaction  of  GABA  and  jilcrotoxin,  the  ncurotransmittcr  and 
antagemist  veere  x<erfiiscd  simultaneously  in  four  cats  (four  trials) 
at  100  ng/nin  and  1.0  yg/iain,  respectively. 

Another  group  (seven  trials  on  seven  cats)  of  experiments 
included  tlie  simultaneous  perfusion  of  phentol canine  (1.0  yg/nin), 
propranolol  (0.3  yg/rnin),  mccamylauiiie  (0.8  yg/min),  atropine 
(0.8  yg/min)  and  picrotoxin  (1.0  yg/min)  in  order  to  ascertain  the 
effects  of  the  interaction  of  the  adrenergic,  cholinergic  and  gabn- 
nergic  neural  systems  on  plasma  cortisol  levels. 

5.  Cation  and  Ifearotransmltter  Sti'dy 

In  order  to  ascertain  whether  the  effect  of  CFF  cations  (o.g., 
Ca^^  lack)  on  HI!A  activity  was  mediated  Ih.rnugh  neurot ransnlt t err. 
(o.g.,  adrenergic),  C.-d'  coTitaining  norcplaepl' r ino  (0.1  mg./m.l)  and.  a 
lack  of  Ca^  v;ns  scdectod  for  p'C vfnsif.n  il.i'cmg.'i  tiue  t ( i\diro\’<.  nl  rid  i.  s 
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of  two  catii  (five  trials).  The  perfusion,  rate  of  norcpincpisrine  uas 
obtained  from  the  ccrehrovontricular  perfusion  studies  of  Van  Ixjou 
et  al.,  (129). 

6 . Dexmethasone  Studies 

DexaEiethasone  (S5gaa  Chemical  Co.)  v;as  added  to  CSF  and  psrfusou 
through  the  ventricle.s  in  order  to  determine  whetlier  this  synthetic 
glucocorticoid  was  capable  of  inhibiting  tlie  stinailatory  effects  of 
various  cations  and  agonists-antagonists.  To  perfonii  these  studies 
it  was  first  necessary  to  ascertain  the  dose-perfusion  rate  of 
dexaniethasone  which  v.-ould  lower,  if  possible,  the  basal  cortisol 
levels  in  the  cat  r:odcl.  Tlie  dose  and  perfusion  rate  v:as  deternlned 
by  noting  the  cffect.s  of  various  rates  (2-25  )tg/min)  which  caxised 
minimal  behavioral  changes  wliile  still  lov/ering  plasma  cortisol 
levels.  Dexamethasone  vans  added  to  noi-mal  CSF  and  perfused 
(25  vg/min)  in  six  cats  for  90  min  prior  to  being  injected  IV  with 
ACTH.  Once  this  dose  had  been  csta.blished,  dexamethasone  was  added 
to  CSF  containing  no  and  then  pcrfu.sed  through,  the  ventricles  of 
five  cats  (six  trials)  for  8C  i;du  after  first  perfusing  the 
ventricles  for  50  i.vin  with  dexa.ieth.asons  added  to  normal  CSF. 

Similar  experiments  vrere  performed  by  adding  doxaiiietliasone  to  CSF 
containing  I)  no  Ca^^  (six  trials  on  five  cats);  2)  GAOA  (100  pg/nin 
six  trials  o.^  three  cats);  or  5)  the  five  blochers  (phe.itolamine  at. 
3.0  pg/min,  propranolol  at  0.5  pg/mi:i,  liiecamylamlr.e  at  O.S  pg/r.i2!, 
atropine  at  0.8  pg/isiin  .and  picroto.xjn  at  1.0  ii) , 

7.  Cortisol  Determination  <'uu!  Calculr'hion  of  i^'''ta 

All  plasm.!  .s;’.m2»l f.'S , idiicli  had  been  sfoiaal  at  -20'’(;,  \;ero 
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nn:ny:',('tl  fliioroinc^lriciil  Jy  Tor  n.ccoruu!"  to  tlio  i.-.;^t’nod  of' 

K:itnbchj.  r.jul  Kitcliell  (6',)  llie  exception  tlmt.  2.0  j.-.l  rathca- 

tl'.rm  1.0  i;il  riuor>;sccnt  reanent  used.  In  Ofcioi'  to  nsccrt.'iin 
vhetlier  the  f luoroii.et r.lc  laethod  was  indeed  ir.easur.ina  cortisol,  it 
v:as  compare  1 to  a radioirnuinoassay  (o4)  in  saiiplcs  ohtainod  freu  the 
ACTii-dosc  response  study.  These  data  shewed  that  during  hasal 
periods  tlic  cortiso.t  values  by  the  radioimmunoassay  were 
appro.xiuately  VSv  of  tlie  f luoroinet ric  method,  wiiereas  after  the 
administration  of  ACni  the  values  uere  essentially  sii'.ilar.  based 
upon  these  results,  tlie  more  economical  and  less  tii  e consunin^ 
fluoroiji.etric.  procedure  was  selected. 

Since  variatioii.s  in  tlie  pre-per.icd  (conti  oi ) levels  of  ])lar.i.-a 
cortisol  v.'cre  ohserved  air.oi'2  the  cats,  the  data  from  tlie  perfusion 
studies  are  I'eportcd  as  the  pez'cent  (")  clianpc  in  cortisol  levels 
for  each  cat  from  the  pre-period  value.  Group  means  \;ere 
calculated  from  these  v values  and  are  expressed  in  the  text  as  v 
cortisol  changes.  Statistical  significance  vas  ascertained  by  the 
independent  t-test. 


III.  1U:S1)LTS 


Validation  of  tho  Anin^_l;od^^ 

Tlie  effect  of  tlie  surgical  proccuurc  on  the  plnf.m  cortisol  levels 
of  cats  iriEiediatoly  following  surgery  and  on  days  1,  2,  3,  4 and  7 is 
illustrated  in  Figure  2.  The  i:;e:in  cortisol  level  after  surgery  v;as 
16.8  ± 1.4  pg/100  Till  and  decreased  significantly  (P  < 0,05)  to 
10.2  ± 0.7  and.  10.5  ± 1.2  pg/lOO  ei1  on  days  1 and  2,  respectively.  On 
days  3 and  4 the  cortisol  levels  further  decreased  to  8.5  ± 1.1  and 
8.6  + 0.8  vg/100  ml,  respectively,  and  the.se  v;ere  significantly  lov;er 
(P  < 0.05)  than  on  the  day  of  surgery  but  not  from  th.ose  noted  on  day.s 
1 and  2.  The  further  decrease  to  6.6  d 0.8  yg/lOO  jn!  on  day  7 v;as 
significantly  (P  < 0.05)  lower  than  the  day  of  surgery  as  well  as  on 
the  first  two  post -surgical  days.  Although  cortisol  levels  decreased 
markedly  after  the  first  day  of  surgery,  in  all  subsequent  experiments 
at  least  7 days  were  allowed  for  basal  cortisol  levels  {72')  to  he 
attained  and  for  the  coiqilete  recovery  of  general  health  (o.g., 
appetite,  drinking,  etc.).  In  addition,  sciaure  activity  that  occurred 
when  cerchroventricular  perfusions  were  performed  shortly  after  surgery 
was  almost  completely  eliminated  by  7 days  postsurgery. 

Five  min  after  the  rapid  injection  of  20-25  units  AfTlI,  cortisol 
levels  (15.6  d.  1.3  pg/100  ml)  inci'oased  significantly  (P  < 0.05)  from 
those  (8.3  d:  0,6  pg/100  ml)  ohsoj-ved  jirior  to  tlie  ndininistr.'ition  of 
ACTIl  (Fig,  2).  lurthcr  increases  in  cortisol  levels  occurred  at  10 
(16.4  d 1.4  pg/100  ml),  15  (20.1  1.4  pg/100  ml)  and  20  (18.5  d 1.9 
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Figure  2.  Plasma  cortisol  levels  of  13  cats  (40  blood  samples) 

following  surjjery  (A);  six  cats  jjfter  the  injection  of 
20-25  units  ACTfl  (H);  and  22  cats  (25  trials)  after  the 
injection  of  various  doses  of  ACTil  (C) . Bar  witli 
vertical  line  indicates  the  mean  ± S.E.M.  * denotes 
P < 0.05  froi'i  day  of  surj^ery  (A),  zero  time  (1>)  or 
pre-})eriod  (C.)  . 
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uyyjOO  Ml)  min  aiicl  tlicsc  ivei  o si  i.;ii ; i c-nnl  ly  ()'  < O.OS)  r.bove  t];osa  of 
tl'.cir  rospectivo  prc-injcttion  I'Orloih  . ror.pnrir.ons  of  tl'.o  cortisol 
levels  omonp,  tJin  5,  10  and  20  iiiiti  p-  iods  i:or(f  not  sipaifi cant 
(I’  > 0.05);  however,  the  store  !d  cone  erii  rat  Ion  at  15  min  was 
significantly  (!’  < 0.C5)  liiglicr  than  at  5 min  Imt  not  significantly 
(I’  > 0.05)  di.ffcrcnt  froiri  the  10  and  TO  min  periods.  Since  the  cortisol 
level  at  15  min  vais  maximal,  blood  samples  were  vdthdrawn  between 
15-20  min  after  the  injectien  of  ACTH  in  subsequent  experiments. 

The  cortisol  levels  observed  after  the  injection  of  various  doses 
of  ACni  are  presented  in  Figure  2.  The  injection  of  0.5  unit  ACTII 
caused  a significant  (P  < 0.05)  increase  in  cortisol  level  over  its 
prc-peric.d  level,  ns  well  as  the  pre-  and  post-periods  of  the  saline 
injected  group.  Cortisol  levels  were  further  elevated  to  If). 8 ± 1,0 
pg/100  ml  after  5 units  ACTII,  17.8  ± 1.0  pg/100  ml  after  25  units  ACTil 
and  17.4  ± 1.0  iig/100  ml  after*  50  units  ACTH.  These  cortisol 
concentrations  were  significantly  (P  < 0,05)  higher  thasi  tiiose  of  their 
respective  pre-periods,  as  wall  as  the  pre-  and  post-periods  of  the 
saline  group.  In  sub.sequent  experiments  20-25  units  ACTH  were  injected 
IV  at  the  end  of  the  experimental  period  to  dctcrniiie  maximal  stimulation 
of  the  adrenal  cortex.  If  the  animals  did  not  respond  to  this  dose  of 
ACTH,  they  were  not  included  in  the  studies  reported  herein. 

Perfusion  Experimen ts 

1.  Pcrfiision  Appar-tus  and  Anosthes:' *' 

The  effects  of  the  per  fin. 'oj'  ajiparatu;;  and  Jiormal  CSV  on  plasma 


cortisol  levels  arc  presenicd  in  I’igiue  .3.  A grouji  o*'  cats,  which 
were  plac.'d  in  tlie  open  icstr-a  iiilng  lox  without  tin;  p;:j*.rusion 
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■ijjurf;  3.  Tho  percent  chrm^es  in  plar.ma  cortisol  from  Hie  pvc-jieriocl 
in  A)  conscious  cats  (12  cats,  12  trials)  witli  -ukI  witliout 
the  perfusion  apparatus  attjicliecl;  li)  conscious  cats  (11 
cats,  12  trial.';)  witli  and  ivitliout  CSF  perfusion;  and  C) 
conscious  and  anosl hetl x.cd  cats  (six  cats,  six  trials) 
perfused  v/ith  noiMi'i'’  f.'S)-'.  liar  vitli  vertical  line  indicates 
the  mean  ' S.li.M. 
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apparatus  attaalied  to  tlic  ventricular  cannula,  exhibited  v corti.so]. 
changes  during  the  30  (-?  7%)  and  60  (7  ;t  20‘1)  nin  cxperiuental 

periods  v.'hich  v;orc  not  significautly  [P  > O.ObJ  difi-erent  from  the 
control  or  pre-period  values.  In  another  group  of  cats  with  the 
perfusion  apparatus  attached  to  the  ventricular  cannula,  plasma 
cortisol  during  the  30  (22  and  60  (21  i IG‘1;)  min  periods  did 

not  vary  significantly  (P  > 0.C5)  from  one  anotlier  or  from  the 
group  without  the  cipparatus  attached  at  comparable  periods.  In 
cats  with  the  apparatus  attaclie  1 to  the  ventricular  cannula  and 
norrial  CSF  perfused  through  tlie  ventricles,  the  cortisol  changes 
during  tlie  30  and  60  min  pieriods  were  4 ± 14%  and  IS  ± 15%, 
respectively,  above  the  pre-period.  ITicse  values  ircre  not 
significantly  (P  > 0.05)  higher  than  those  of  the  group  without  the 
apparatus  attached  for  the  same  period  or  the  cats  \vlth  the  aiiparatus 
attached  but  without  perfusing  CSF.  Figure  3 also  shows  the  % 
cortisol  chaiiges  for  the  30  and  60  min  periods  of  anesf lietizcd 
cats  perfused  v;ith ’7iornial  CSF,  Tliese  cortisol  changes  were  not 
significantly  (P  > 0.05)  different  from  those  of  conscious  cats 
perfused  with  CSF.  Since  perfusion  of  anestlietized  cats  with  nonnal 
CSF  offered  no  advantages  in  terns  of  basal  cortisol  levels  over 
the  conscious  cat  model,  the  latter  was  selected  as  being  the 
more  physiological  preparation. 

2 , Cation  St udics 

Presen. ed  in  Figure  4 are  the  % cortisol  changes  from  the 
pre-periods  mused  by  the  j>erfuslon  of  various  concentrations  of 

*9  4 .4 

Na  , K and  I.l  . Ihe  coi'l.i.sel  values  for  both  the  30  and  60  min 


Figure  4.  The  percent  changes  in  plasma  cortisol  from  the  pre-j>eriod 
during  ccrcbroventricular  perfusion  with  CSF  containing 
various  concentrations  of  A)  sodium  (IS  cats,  19  trials); 

B)  potassiuMi  (13  cats,  13  trials);  and  C)  lithium  (11  catj;, 
11  trials).  Bar  with  vertical  line  indicates  the  mean 


t 


± S.F.M. 


* denotes  P < 0.03  from  control  group  (solid  ha'). 
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piu'iodii  of  the  lo’v  l.’a  (]48  !‘lk,/L)  group  i;oro  not  rrlgru.ficautly 
(P  > 0,05)  differeut  fro.’ii  tlic-.e  olusorvud  at  30  (H  J £V)  ami  CO 
(10  ±7%)  mn  in  tlie  control  group  v;as  perfuuod  V'.'ltli  normal 

quantities  of  Nr/  (158  iiihq/L)  . In  the  high  (168  inllc'/L)  group), 
cortisol  increased  at  30  iniu  and  tlicn  declined  slightly  at  60  p.in. 
Those  small  chruiges  in  plasma  cortisol  were  not  significantly 
(P  > 0.05)  different  froiii  those  receiving  normal  quantities  of  Kr/. 

In  cats  jicrfusod  vritli  CSl’  lacking  K (0  riErj/L)  plasma  cortisol 
increased  to  60  ± 14^;  at  50  min  raid  67  ± 26^o  at  60  min  above 
control  levels  (Fig.  A),  These  values  vrere  not  only  slgnifica.ntly 
(P  < 0.05)  higher  tlmn  the  levels  observed  during  the  pre-period 
but  also  . rkcdly  higher  than  those  of  the  coiitrol  group-).  On  the 
other  hand,  the  perfusion  of  liigh  l/  (9.0  ml'ci/L)  caused  modest 
elevations  in  plasma  cortisol  vbich  v,erc  not  signifi  cantly 
(P  > 0.05)  different  from  tlie  control  values.  The  two  groupjs 
receiving  1.0  and  2.0  mJlq  Li^/L  showed  cortisol  changes  at  30  min 
of  45  ± 22*0  and  18. ± liv,  and  at  60  min  of  32  ± 8%  and  12  i 5';;, 
respectively  (Fig.  4). 

The  effects  of  perfusing  various  concentrations  of  and 

on  alterations  in  plasma  cortisol  are  shown,  in  Figure  5.  Tlie 
perfusion  of  conscious  cats  with  CSF  containing  no  Ca^-‘  caused 
significant  (P  < 0.05)  increases  in  plasma  cortisol  of  89  ± 29^  at 
30  min  and  137  A 43".  at  60  min.  Minimal  change.s  ware  observed  vh.en 
cats  i.-ere  j erfusol  vuth  high  Ca^  (9.0  ml-q/I.)  . Cats  perfused  with 
various  couco'itraticn:-;  (0,  0.67,  1.33  and  3.f)9  mlfp/I.)  showed 

modest  elevations  in  plasma  cortisol;  l.owever,  only  the  lower 


Figure  5.  llie  percent  changes  in  plasma  cortisol  from  the  pre-period 
during  ccrebroventricular  perfusion  with  Crd’  cojitaining 
various  concentrations  of  A)  calcium  (12  cats,  12  trials); 
and  B)  magnesium  (IB  cats,  18  trials).  Bar  with  vortical  . 

* denotes  1’  < O.OB 


line  indica.tcs  the  mean  + S.f.M. 
from  control  group  (solid  bar). 
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concuatr.itions  of  at  60  caused  si^inificant  (1’  < 0.03) 

elevations  above  the  control  grou]). 

All  cats  perfused  vrith  various  concentrations  of  nonovalcnt  raid 
divalent  cations  c:<lubitcd  increases  of  80"o  to  112%  v/hen  ACT{(  v;as 
adi.iini.stcred  IV  at  tbe  end  of  the  cxperiiuental  period  II). 

Agonist  and  Antagonist  Studies 

Animals  perfused  i.’itb  noiT.ial  CSF  containing  the  a-adrenergic 
blocker,  phentolamine  (1.0  pg/min)  showed  increases  (P  < 0.05)  in 
plasma  cortisol  above  the  pre-'-period  of  49  ± 16%  at  30  ran  and 
66  ± 18%  at  60  min  (Pig.  6).  'ihe  plasma  cortisol  of  four  cats 
perfused  with  phentolinninc  at  30  jig/min  increased  markedly 
(P  < 0.05)  at  30  (83  ± 38%)  and  60  (219  ± 54%)  min.  These 
experiments  had  to  be  aborted  since  conscious  cats  wore  not  able  to 
withstmid  this  dose  without  exhibiting  many  belinvioral  (e.g., 
restlessness,  vocalization,  etc.)  and  physiological  (e.g,., 
defecation,  salivation,  etc.)  clumgcs.  The  plasma  cortisol  of  cats 
perfused  with  normal  CS!'  containing  the  p-adrcnergic  blocker, 
propranolol  (0.3  pg/mln),  increased  tliough  not  significantly 
(P  > 0.05)  51.5  ± 5%  at  30  min,  v.iiile  at  60  min  the  49  ± 10% 
increase  in  plasma  cortisol  was  significanMy  (P  < 0.05)  liigiiui- 
than  llie  control  group  (I'ig.  6).  Pour  cats  iierfused  at  10  pg/i.^in 
exhibited  significant  (P  < 0.05)  changes  in  coriisoi  levels  of 
136  49%  at  30  jain  and  272.  ± 51%  at  6()  min.  Additional  animals 

wei’c  not  perfused  v;i  t:h  i'ropra(iv)lf)]  at  tlii  s hlg.li  dose  because  of 
similar  heliavioral  and  jiliysiuJogii-al  ciumgers  ih:U  occurred  ’.;ith 
the  hlg.h  dose  of  pitenLolnmine.  V.Iien  cats  wen..'  pciTused  with  nurnal 
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PF.RCENl  ClIANGi;  FROM  PRE-PliKTOO  IN  I’i.ASMA  CORTISOL  CAUSIiD  BY  ACTI! 
(20  imitfO  AnMlNlSTi;r.i;i)  IV  AT  'lllii  I'.NU  OF  THE  EXPERIMENTAL  PliRIOD 
IK  CATS  I’ERFUSiiD  1/XTil  CSP  CONTAINING  VARIOUS  CONCEiNTRATION  O}’ 
CATIONS 


Cation 

inEq/L 

Cortisol 

A% 

Sodium 

148 

80  + 

10^ 

158 

100  ± 

19 

168 

105  ± 

10 

Potassium 

0 

112  + 

19 

9.0 

104  ± 

14 

Lithium 

1.0 

106  ± 

16 

2.0 

111  + 

24 

Magnesium 

0 

84  + 

15 

0.67 

93  ± 

15 

3.99 

112  ± 

25 

Calcium 

0 

108  ± 

16 

9.0 

100  ± 

16 

®Mean  A S.E.M. 


Fij'iirc  6.  The  percent  changes  in  plasma  cortisol  from  tlie  pre-period 
during  cerebroventricular  perfusion  witli  nomial  CSl- 
containing  A)  a-blocker,  phentolrn.une  (nine  cats,  ton 
trials;  B)  B-blocker,  propranolol  (11  cats,  IS  trials); 
and  C)  both  a-  and  p-blockors  corr.binod  (six  cats,  seven 
trials).  Bar  wllb  vertical  line  indicates  the  i,if;an  .i  S.b.M. 
* 


denotes  B < O.OS  from  control  group  (sol  i<l  bar) 


CSF  coiitaiiiiiif;  the  lower  do.se.s  of  botli  pheiitolaiuinc  (1,0  jig/jiiin) 
and  propranolol  (0.3  pg/niiO,  plaania  corti:;ol  increased  significantly 
(P  < 0.05)  at  both  50  (5S  A Hf.)  and  60  (09  ± 125;)  ip.in  (Fig.  6). 

TJiese  corti-sol  values  were  higlier  than  tliose  noted  when  the  two 
blochcrs  w'ere  perfused  alone  for  the  sane  duration. 

Figure  7 illustrates  the  cortisol  changes  observed  when  tlie 
cerebral  ventricles  of  cats  were  xierfused  with  cholinergic 
antagonists.  In  aniuals  perfused  with  me cainyl amine  (n-blocher) 
at  0.8  pg/nin,  the  changes  observed  in  cortisol  at  30  and  60  lain 
were  not  significantly  (P  > 0.05)  different  from  the  control  group. 
V(hen  the  jicrfusion  of  cats  vdtli  r.'.ecamylainine  wa.s  increased  to 
3.0  yg/minj  plasma  cortisol  levels  v?ere  neither  significantly 
(P  > 0.05)  different  from  tlie  pre-period  values  nor  from  the  control 
gp,'oup.  The  perfusion  of  cats  v.ith  atropine  (n-blocker)  at  0.8  or 
3.0  vg/min  did  not  cause  significant  (P  > 0.05)  alterations  in 
plasma  cortisol  levels  for  the  30  or  60  min  i)sriod5.  In  addition, 
combining  mecaraylainine  (0.8  yg/r.iin)  and  atropine  (0.8  pg/mir.)  in 
the  perfusion  solution  did  not  significantly  (P  > 0.05)  alter 
plasma  cortisol  throughout  the  experimental  period. 

Tlie  effects  of  jjarfusing  CA8A  (100  pg/nin)  on  plasma  cortisol 
are  presented  in  Figure  8.  A A9  ± 12-i  increase  (P  < 0.05)  fi-om 
the  pre-period  v;ar.  observed  at  50  min  which  continued  to  rise  to 
69  ± 125,  (P  < 0.05)  at  60  min.  On  the  other  hand,  perrusion  of 
cats  vath  the  » plcrotoxLn  (1.0  pg/i;vln),  did  not  alter 

steroid  levels.  V.'l;en  anii;ials  \.vrc  xmerfused  willi  a oonhination  <>1 
GAUA  (100  pg/min)  and  picrotoxln  (1.0  pg/miii),  the  cortisol  values 
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F:ij;ut'c  7.  The  percent  changes  in  plasma  cortisol  from  tiie  prc-pcriod 
during  cerebrovontricular  perfusion  with  normal  CSl' 
containing  A)  the  n-blocker,  inecamyl amine  (13  cats,  14 
trials);  B)  m-blocker,  atropine  (11  cats,  IS  trials);  and 
C)  both  n-  and  m-blockors  combined  (Lour  cats,  six  trials) 
Bar  with  vertical  line  indicates  tlie  mean  ± S.U.M. 

* denotes  P < 0.05  from  control  group  (solid  bar). 
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^ Figure  8.  The  percent  changes  in  plasma  cortisol  from  the  pre-period 

I during  cerehroventricular  perfusion  v/ith  normal  CSF 

containing  A)  GABA  (six  cats,  six  trials);  B)  Y-l>iocker, 
picrotoxin  (five  cats,  five  trials);  and  C)  a combination 
of  CARA  and  the  y-blocker  (four  cats,  four  trials),  liar 

r 

with  vertical  line  indicates  the;  inerui  ;l  * demotes 


P < 0.0!)  frorii  the  conli'ol  j;ronp  (soliel  bar). 


at  30  (4  A 4v)  I'jid  60  (_6  .K  rdn  v.'cre  s.uailnr  to  the  pre-period 

levels.  I'l'rthetniort;,  it  is  obvious  that  ]>icrotoxiu  sif;niflcaritly 
(b  < 0.05)  inhil>ited  the  erfect  observed  v.hen  GAOA  alone  was 
perfused  through  th.c  corebrnl  veutriclos.  GABA  plus  plcrotoxir. 
treated  cats  v:ere  not  secreting  cortisol  mxip.ally,  since  ACTH 
injected  at  the  end  of  the  experinent  caused  r.odcst  elevations  in 
plasma  cortisol  levels  (Table  III). 

Figure  9 presents  the  ^ cortisol  changes  of  luiimals  perfused 
simultaneously  with  the  low  doses  of  n-  (1.0  pg/mui),  g-  (0.3  pg/min) , 
n-  (0.8  ng/min)  and  e-  (0.8  pg/min)  blockers  during  the  experimental 
period.  At  30  i:iin  plasraa  cortisol  increased  43  ± 10%  (P  < O.OS), 
and  at  60  nin  it  increased  to  71  ± 10%  (P  < 0.05)  above  the 
pre-period  values.  These  changes  were  also  markedly 
(P  < 0.C5)  different  from  those  observed  in  the  control  group  at 
similar  times.  The  addition  of  picrotoxiu  (1.0  pg/uin)  to  CSF 
containing  both  adrenergic  r d cholinergic  blockers  caused 
significant  (P  < 0.05)  alterations  of  53  ± 15%  at  30  min  and 
110  ± 38%  at  60  min.  Comparisons  of  the  cortisol  iMlues,  vdiich  were 
observ^ed  during  tbs  perfusion  of  the  five  blockers  V'ith  those  noted 
v/hen  the  four  adrenergic  and  cholinergic  antagonists  v;ere  perfused, 
did  not  reveal  significant  (P  > 0.05)  differences.  Cats  perfused 
with  antagonists  alone  or  in  various  combinations  exhibited 
increases  of  69%  to  233%  \-.hen  ACTII  was  administered  IV  at  tlic  end 
of  the  experimental  peuviod  (Table  111)  . 

Cation  ar^  Iloiirot  ra.nsr.!’ ttur  ^cnjly 

liic  effects  of  perfusing  cats  v.ith  CSF  conta. luiiig  norcpiiu;- 
phi-ine  (0.1  rg/ml)  .".nd  a lack  (.f  are  .shewn  in  Figure  10. 
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TAULH  ITI 


PMRCBNT  (:i!AN’'U-:  I'ROM  I'RB  I’iiRIOI)  ]i\’  I’KASMA  COU'i’JSOl,  CAIIS!'!)  BY  ACTil 
(20  unit?;)  ADMlRISTliRBi)  ]V  A’i'  TUB  IINT)  01-'  TUB  BXPITaMHNTAB  RBRIOD 
IN  CATS  I’JiRBUSBl)  WITH  CSP  CON'i’ATRINH  VARIOUS  AOONLSTS  AND 
ANTAGONISTS 


Drugs 

jig/inni 

Cortisol 

A% 

ct-blockcr 

119  ± 57^ 

1.0 

3.0 

189  ± 56 

p-blocker 

0.3 

101  + 38 

10 

233  ± 70 

a,  p-blockcrs 

1.0;  0.3 

148  ± 56 

Y'blockor 

1.0 

87  ± 17 

GABA 

100 

123  ± 13 

Y-blocker  + GABA 

1.0;  100 

69  i 12 

n-blocker 

0,8 

106  + 15 

3.0 

68  ± 6 

m-blocker 

0.8 

100  + 10 

3.0 

69  ±13 

n,  lii-blockcr.s 

0.8;  0.8 

77  + 14 

c.,  B,  ji,  Tii'blockeTs 

1.0;  0.3;  0.8;  0.8 

107  ± 33 

Cl,  8,  Y>  ni-bIoc?:o).-s 

1.0;  0.3;  1.0;  0.8;  0.8 

146  :f  87 

®Mean  i S.}RM. 
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Fif.urc  9,  TIk'  perccnl'  clianf'.es  in  plasma  cortisol  from  tlic  pro-pcciod 
during;  ccrcbroventricular  perfusion  with  normal  CSF 
containing  A)  tlio  u,  p,  n,  iii-Mockcrs  (six  cats,  six 
trials;  ami  1>)  the  four  blockers  with  the  addition  of  the 
Y-blockor,  pic.rotoxin  (sevc-ii  cats,  seven  trials).  liar 
with  vei'tical  line  indicates  tlio  mean  a S.Ji.M.  * denotes 
I’  < O.OS  from  the  control  group  (solitl  bar). 
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K'orej)ine.plu‘ine  si {iiiif. leant ly  (P  < O.OS)  inliibitcil  tie  stiiiiuletory 
action  of  a lad.  of  CSI'  Ca^^  at  50  (-1  i U")  and  60  (-3  i 125.)  jnin. 

5 . Uexaraetliasons  Studie.s 

Tlie  perfusion  of  cat  s v;ith  doxan'ethasone  (25  vig/itin) 
concomitantly  tv’ith  I’nose  experiinontal  CSF  solutions  uhich  had  a 
stimulatory  effect  on  the  ILHA  system  are  presented  in  Figure  11. 

Cats  perfused  vdth  dexamethasone  contained  in  normal  CSF  caused 
decreases  of  -1].  ± 5%  at  30  r.iin  and  -8  ± 8%  at  60  nin.  Furthornore, 
dexamethasone  significantly  (P  < 0.05)  inhibited  the  stimulatory 
effects  of  perfusing  the  cerebral  ventricles  of  cats  vith  CSF 
a)  v.lthout  K ; b)  without  La“  ; c)  containing  GAP>A;  and 
d)  containing  all  five  neural  receptor  blochers.  In  a.dditiou, 
all  anima.ls  whose  increased  cortisol  levels  were  inhibited  by' 
dexamethasone  exhibited  increases  of  785;  to  1035;  when  ACTIl  was 
injected  TV  at  the  end  of  the  cxpei'imcntal  period  (Table  IV). 


The  percent  chrinjicns  in  plasma  cortisol  from  the  pre-period 
during  ccrcbroventricular  perfusion  with  dexametliasone 
added  to  A)  normal  CSf  (six  cats,  six  trials);  B)  CSF 
witliout  (five  cats,  six  trials);  C)  CSf  witliout 
(five  cats,  six  trials);  11)  CS!'  v;ith  GABA  (three  cats, 
six  trials);  and  }•)  CSB  v.'itli  tlie  a,  p,  y,  n,  m~blockers 
(fivt!  cats,  six  trials).  15ar  with  vertical  liiie  indicates 
the  moan  ± G.I-.M.  * demotes  1‘  < 0.05  froin  groups 

receiving,  no  dcxamatliasonc;  (solid  bar). 
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TA15U;  IV 

PERCliNT  CHANGE  FROM  PRE-l’ElUOI)  IN  PLASMA  Colvi'lSOL  CAUSED  BY  ACTH 
(20  units)  ADMINIS'rERED  IV  AT  TiJE  FNO  OF  TilE  EXPERIMENTAL  PERIOD 
IN  CATS  PEKl-'USED  WITH  CSF  CONTAINING  DEXAI'lETILASONE  (25  pg/nin) 
TOGETHER  WITH  VARIOUS  CAI'IONS,  AGONISTS  Oil  ANTAGONISTS 


Sodiuiit 

158  niEci/L  93  + 8^ 


Potassium 

0 iiiEci/L  9S  ’±  28 

Calcium 

0 jnEcj/L  103  ± 44 

GABA 

100  pg/min  98  + 24 

a,  8,  Y»  iri-blockers 

1.0;  0.3;  1.0;  0.8;  0.8  78  + 12 


^lean  + S.E.M. 
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IV.  DISCUS"'.]  ON 

Pi'ior  to  ilcuej-miniiio  the  effectr.  of  pcx’fusinw  various  CSS  cations  on 
hasal  IIHA  activity,  the  aniT:ial  r.odel  and  the  ccrcirroventrlcular  perfusion 
procedure  were  tested,  iiiese  studies  de;nonstratcd  that  seven  days  after 
surf;ically  preparing  the  aniina'’s  vdth  lateral  ventricular  and  right 
atrial  cannulao,  tiiey  1)  had  regained  general  health,  2)  exhibited 
morning  cortisol  levels  which  were  nonaal  (72),  3)  had  adrenal  cortices 
vaicli  responded  to  exogenous  ACTH  aduiinistration,  and  4)  did  not 
exhibit  any  pcixeptiMc  changes  in  hasal  HHA  activity  during  cerebro- 
ventricular  perfusion  v;i  th  nonr.al  iricck  CSF.  These  results  indicate 
that  the  animal  model  was  essentially  in  a ''normal"  basal  state  at  tlie 
beginning  of  the  experinant  and  that  its  IIUA  system  could  respond  to  the 
CSF  perfusion  experinivnts  with  eitlu-r  a decrease  or  an  increase  in 
plasma  cortisol  levels. 

Tlie  cerebroventricular  perfus"  n with  CSF  containing  a lack  of 
markedly  elevated  pla.sma  'cortisol  levels,  whereas  perfi’.sion  with 

4*  4* 

elevated  [K  J was  without  effect.  Since  increased  extracellular  [K  ] 
hypopolari7.es  (i.e.,  membrane  potential  becomes  less  negative)  and 
decreased  cxtracellar  [K^]  liyperpolarixcs  cellular  membranes  (53,  59, 

75,  107),  the  excitatory  effect  of  juu'fusing  mock  CSF  without  on  tlic 
1!1IA  system  could  not  have*  b-een  due  to  hypopolari'/.ation  which  eventually 
Ic-ads  to  dooplarixatioii . 7he  lad;  of  excitatJon  of  the  HilA  s^  rte.e  by 
increased  extracellular  [K^]  may  ba  attributed  to  a dilution  effect. 

Since  the  turnover  late  fo."  CSF  in  1h‘  cut  is  ai'proximately  50  iil/i:iln 
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(22),  tiie  exoi^uiious  r.J;.iltii.strat.iort  ol  CSl'  i.lth  elevated  (9.0  r.Eq/L) 
fit  the  saiae  rate  \;ould  diiutc  tlic  experi:,' .‘iiLal  CSH  by  render  in"  it 
approximately  6.0  id-q/l,.  Th.os,  it  3e  pjr.aililo  that  t'ne  IIHA  eystem 
lequix'es  a substantially  greater  extiacollular  [K^]  to  reacli  threshold 
and  then  i'ire.  Ihs  latter  is  substantiated  !)>  tlie  .in  vitro  studies 
of  others  vho  dcmonsti-ateJ  that  the  release  of  CRF  (6)  and  ACTil  (60,  70) 
requires  30-55  eW  for  depolarization  of  the  cells,  and  fui'ther  that 
the  poteiitial  uembrane  of  neural  tissue  is  r.orc  sensitive  to  decreases 
than  to  increases  in  the  ionic  environment  (60,  107).  Thus,  the  latter 
could  account  for  hypei-polarization  of  I'.einbranes  oven  wh.en  one 
considers  that  the  cation  concentrations  of  rock  CSf  solutions  lacking 
cations  v;ould  be  increased  somewliat  \dien  nixed  v/ith  endogenous  CSf. 
llierefore,  tJic  1!HA  system  appears  to  have  heen  silinulaTcd  v;ith  lowered 
eSf  [K^J  hy  hyperpolarizing  neural  j>ath(s)  to  the  CRV  neurons,  the 
CRF  neurons  thcinselves  and/or  tlie  anterior  pituitary.  Tlie  latter 
component  can  be  eliminated,  since  changes  in  liienbrane  potentials  of 
adenohypophyseal  cells  resulting  from  altered  [IC^]  have  been  shown  not 
to  be  tig,htly  coupled  to  th.e  release  of  ACTII  (69,  70).  Furthernoro,  if 
CRF  neurons  were  hyperpolarized,  they  would  undoubtedly  secrete  less 
CRF,  yet  activation  of  the  H'dA  system  was  noted  v;ith  low  CSF  [K^j.  'llius, 
low  [K*]  appears  to  have  hyperpolarired  primarily  an  iidilhitory 
neural  pathway  (s). 

'fho  observed  stability  of  the  I!HA  system  in  the  presence  cf  .slightly 
elevated  (incroasod  30  r,l!c;/l.)  or  lowered  (dec”eased  30  laliq/L) 
concentrations  of  C5F  is  in  accord  with  the  very  Minor  changes  noted 

•f 

ill  Membrane  jiotential  . when  30  nM  Na  is  cither  added  or  lemoved  from  th.e 
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cxtinc.c,llulnr  fluid  of  norvt's  (60).  liirihcirioiu,  thoro  \.ould  be  a SO". 


cUliiLion.  of  the  high  ex|K;vin;;,)iLnl  r!Sr  [!\:i  1 and  c.onvorr-cl y an  increa: 


in  the  low  CSf  [Ka  ] vith  cndogen.ou;;  CSP.  In  addition,  the  lack  of  a 


sliort  term  effect  of  cither  1.0  or  2.0  rJ’q  hi  /I,  on  tlie  I'lIA  sy.'jtem  may 


be  considered  on  the  basis  ti'.at  Li  can  be  substituted  for  La'  vdtliout 


affecting  neural  activity  (60).  Therefore,  the  stability  of  the  n:eabi'ajie 


potential  in  the  presence  of  clianges  in  extracellular  [Na  ] is 


also  va.lid  for  Li"*.  On  the  other  hmul,  the  effects  of  Li*  on  nioiioauinc 


r.xjtabolisia  must  be  considered.  Recent  studies,  however,  liave  sb''wn  that 

.+ 


5-10  days  of  Li  administration  are  required  before  this  cation  affects 
inonoamine  activity  in  the  brain  (65,  85).  Therefore,  the  perfusion  of 


Li  for  60  min,  although  considered  toxic  v.iicn  plasma  levels  of  1,0  infq/L 

.+ 


are  attained,  would  not  he  sufficient  tirae  for  Li  to  manifest  its 
effects  on  rionoaraine  rietuholisiu.  7hvs,  the  experiments  on  Li*  presented 
herein  would  not  reveal  a role  for  J:\onoajaines  in  the  regulation  of  basal 
12 fA  activity. 

Tlae  plasma  cortisol  -levels  of  cats,  perfused  with  high  concentrations 
of  the  divalent  cations,  Ca^  and  Mg"  , were  relatively  stable,  while  a 
lack  of  those  divalent  cations  caused  significant  elevations  in  plasma 
cortisol  levels.  Alth.otigh  increased  extracellular  [Ca^*3  and  [Mg^*]  can 
.sirppress  neural  acti’/ity  (106,  125),  it  lias  been  shown  that  a 5-lOv 
CaCl2  or  MgSOjf  solution  is  required  to  suppress  this  activity  (12).  Thus, 
increasing  these  C5F  cations  only  1.5  mbq/J.,  correcting  fox-  d-iJution, 
above?  endogenous  ISF  concentrations  could  he  consider<-d  insufficient  to 
affect  nour.nl  activity  and  hence  the  If!;\  system.  On  tlio  other  hand, 
sli';htly  levxering  extracellular  ICa^’]  .is  known  l.o  inc'-ixise  sporitaaeeus 
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r.eural  activity  (107)  ;uul  i,;ore  ;iiipurt;:r.n y suj^prc.'-.s  the  rcl  .ise  ox 
iieurotransrrtitr.crs  (00,  107).  Thl.s  uncoupling  ox  tlio  .st  jiailus- secix-tion 
could  bo  the  Kochanisri!  whereby  an  irililbitory  input  (.s)  to  CRI-  neurons  is 
supxjressed  resulting  in  increased  lIli.A  activity.  The  action  of  low 
[Ca*^  ] is  probably  not  directly  on  the  liypothalanuis  (e.g.,  CRF  neurons) 
or  the  anterior  pituitary,  since  it  is  iaioun  tliat  low  Ca^-^  does  not 
affect  the  in  vitro  release  of  CRF  and  ACTfl  (6,  69,  70).  On  the  other 
hand,  lowered  extracellular  interfors  v.-ith  the  storage  of  newly 

synthesized  r.eurotranseiittors  (B)  which  in  turn  \;ould  decrease  the 
ai?.ount  of  r.eurotrans.'^itter  x'cleascd  from  the  vesicles.  Thus,  the 
iiiochanism  whereby  I'cduced  CSF  [Mg^^J  could  affect  the  systera  is 
similar  to  that  postulated  for  decreased  CSF  [Ca^  *^] . 


I 
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Activation  of  the  lfi!A  systcia  by  a lack  of  CSF  Ca^^  and  Mg^-^ 
could  possible  have  been  mediated  by  affecting  the  syiitlicsis,  release 
and/or  uptake  of  tlio  adrenergic,  cholinergic  and/or  ga’uancrgic 
ncurotransmitters.  In  order  to  test  this  hypothesis,  it  was  .fir.st 
necessary  to  determine  whether  those  neural  systems  were  involved  in  the 
cnintenance  of  basal  activity  of  the  irri.\  system.  Tlie  excitatory  effects 
of  low  doses  of  either  tlie  ct-  or  p-adrenergic  blockers  indicated  that 
both  receptors  exert  rode.rate  inhibitory  effects  on  basal  HHA  activity. 
The  latter  v;as  further  substantiated  by  the  finding  that  the  perfusion 
of  botli  adrenergic  biockers  simultaneously  had  a mildly  additive  effect 
on  elevating  plas'.in  cortisol  levels.  Ibis  indicates  that  both  adj’en.crgic 


arc  inactive  in  the  b.isa]  r.lato  (^6,  121);  ho.  ever, 

I'arotta  et  al.,  (89)  recently  have  shu'.vn  that  tl.e  p-'rcceptors  are 
involved  in  re<;ulat;hij;  basal  HilA  activity  of  the  rat  and  that  both 
p-  and  p-receptors  play  a role  in  the  hypercapnic  and  h.)po;:ic 
activiation  of  the  IL!'A  r.ystenu  Ihas,  the  cat  and  tlic  rat  appear  to 
be  similar  in  rela.tioa  to  adxener£;ic.  inflnenceo  on  the  luIA  system. 

Tlie  perfusion  of  the  corebro ventricles  with  cither  high  or  low 
doses  of  n-  or  m-  cholinergic  blockers,  ndr.iinistered  individually  or 
together,  did  not  appreciably  alter  plasma  cortisol  levels.  Even  when 
both  cholinergic  blockers  were  perfused  siinulttinoously  with  both 
adrenergic  blockers,  the  observed  effect  on  plasma  cortisol  levels  was 
not  significantly  different  from  those:  observed  when  cats  were 
perfused  with  only  the  adrcne7-gic  hlockei's,  ibese  data  no'  only 
indicate  tb; 1 both  cholinergic  receptors  aio  not  involved  in  the  basal 
regulation  of  IiHA  activity  and  thus  acctylcliolinc  docs  not  exert  a 
Ionic  excitatory  effect,  but  also  tliat  the  adrenergic  inhibitory  effect 
is  not  mediated  indirectly  via  a cholinergic  system.  If  during  the 
basal  state  the  cholinergic  neurons  v.ero  excitatory  to  the  adrenergic 
system,  the  end  result  would  be  inhibition  of  the  IIHA  sy '-tem;  however, 
the  probable  decreased  release  of  both  ncurotransiaitters  res\ilting 
from  CSF  perfusion  with  reduced  [K^],  or  [Mg^*^]  would  remove 

both  an  excitatory  cholinergic  input  and  an  inhibitory  adrenergic  input 
to  the  CKE  ncuro.is.  Obviously,  the  latter  predominates  when  the  anii.'al 
is  in  the  l>asal  smte,  since  the  result  cd's.erved  was  aclivat  ic'n  c'f  the 
HHA  systc.n.  ’I'liesf  in  vij/e  (’:la  are  scr.ucwhat  coni  rary  to  ilu:  i n.  y i t t-q 
results  ohlaiued  by  lairdcii  ct  al.,  (1">)  \)u>  sliowed  th.a;  the  ird’ihitery 
action  of  norf.'pi nephri nc  on  CRE  frc'T  rat's.  hypt'Hi.-ilariUS  3s 
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ricdiatocl  through  the  cholinergic  mairal  sy:-iten.  Tliis  discrepancy  nay 
be  due  not  only  to  o difference  in  aninal  species,  but  also  tliat  an 
isolated  hypothulaiiiic  preparation  is  devoid  of  the  necessary  tonic 
neura.1  inputs  (i.c.,  excitatory  and  inhibitox'y)  and  thus  renders  it 
an  artificial  preparation  in  uhich  to  study  this  system.  Tlierefore, 
it  is  difficult  to  relate  these  data  to  an  intact  aninal.  The  above, 
however,  does  not  eliiai.  itc  the  possible  excitatory  role  for 
acetylcholine  on  n~  and/or  n-receptors  in  the  activation  of  the  HilA 
system  during  stress  (43,  49,  122)  and  the  regulation  of  the 
circadian  I'hythm  in  plasma  cortisol  levels  (71,  72). 

When  GABA  was  pci'fusc-d  through  the  cerebral  ventricles  of 
conscious  cats,  plasma  cortisol  levels  were  markedly  elevated.  Those 
data  are  in  agreement  with  those  of  Krieger  and  Krieger  (73)  who 
implanted  C.\BA  in  the  cat's  median  eminence  and  also  v;ith  those  of 
I'lakara  and  Stark  (82)  who  injected  GABA  into  the  ccrebrovcntricles 
of  rats.  On  the  other  h'ajid,  although  picrotoxin  did  not  affect 
the  basal  activity  of  the  131A  system,  it  did  block  the  excitatory 
effect  of  GABA  when  both  were  perfused  together.  These  data  suggest 
that  the  gabanergic  neural  system  is  not  involved  in  the  tonic  basal 
regulation  of  lULi  activity;  however,  this  finding  doss  not  exclude  tiie 
possibility  that  GABA  i,:ay  he  involved  in  the  IIHA  response  to  stress  and 
circadian  activity  by  relaxing  (17)  the  inhibitory  action  of  the 
liippocajnpus,  v/liicl’.  is  rich  in  GABA  content  (126),  on  the  hypothalamic 
release  of  CUB  (66,  91).  liirthernore,  since  the  plasma  cortisol  levels 
which  VK-re  observed  ])icrotoxin  \;as  perfused  s.’n.H! It aiieously  with 

tlic  cholinergic  and  adrenergic  blncker.;  i.ere  rot  si  g.rl  f leant ly 
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different  from  those  no  Led  when  only  the  ndrejiex'cie  Woehers  n-ere 
edri'inistered,  this  eonfiijiis  not  only  tljnl;  the  I'olc  of  the  "drcnerglc 
system  on  basal  IFdA  activity  is  predominantly  inhibitor)',  bi.t  also  tlint 
this  system  is  not  functioning  through  a chain  of  galninergic  and/or 
cholinergic  paths  to  CRF  neurons. 

Since  the  cholinergic  and  gabanergic  systems  v:ero  not  shown  to  be 
involved  in  the  maintenance  of  basal  Ifrliv  activity,  tlie  question  arose 
as  to  whether  the  action  of  lowered  CSF  [Ca^  3,  which  uncouples 
stimulus-secretion  (i.e.,  decreases  norepinephrine  release)  and  thus 
stimulates  the  Iilb\  system  by  relaxing  an  inhibitory  neural  system,  was 
mediated  via  the  adrenergic  system.  Tliis  involved  the  perfusion  of 
the  ccrcbroventriclcs  vitli  CSF  containing  a lack  of  find  added 

norepinephrine.  This  neuroti’ansmitter  marked  >y  inhibited  the  excitatory 
effect  of  reduced  CSF  Ca^'.  Since,  as  previously  stated,  lowering  this 
cation  has  no  effect  on  the  ^ vitro  release  of  CRF  or  ACTH,  tliis 
suggests  an  inhibitory  action  of  reduced  CSF  [Ca^^]  on  inhibitory  neural 
paths  to  CRF  neurons  and  not  on  the  CRF  neurons  themselves  or  the 
anterior  pituitary.  Furthermore,  since  it  is  known  that  norepinephrine 
implanted  in  the  hypothalamus  and  not  the  anterior  pituitary  (7.7,  39), 
or  placed  in  vitro  with  hyiiothalamic  preparations  (13)  inhibits 
CRF-ACTll  release,  it  is  postulated  that  the  exogenous  norepinefihriny 
acting  directly  on  CRF  nciirons  replaced  th.e  neurotrans)(iltt'  • \,-hich 
ivas  prevented  from  being  released  b)'  If'W  Ca^*.  Thus,  th.e  c ...ct  of  low 
Ca^^  fippears  to  have  been  mediated  through  tlic  adrenergic  .‘-yten;  that  is, 
the  inhibitory  action  of  tils  neural  system  was  removed  by  decreased  CSF 
fCa^  3 as  a re.sult  of  decreasing  the  release  of  uorcpinephrinc. 
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Tlie?  sij.rll.rr  effect  of  lev;  Cof  [K  ] oa  lillA  activity  inny  be  cUie  to 
a ri’.echaaisw  niiich  is  ijiitxally  cliffcj-ent  frojii  that  of  low  CSF  [Ca^*^]. 

’llie  meif.brane  potoatial  of  Ticuroas  and  other  sccrotory  cells  tiro  bnowai 
to  increase  with  decreased  extr.icellular  (60).  Consequently, 

cellular  act.ivity  would  be  suppressed.  This  liypci'polarizaticn  effect  on 
cellular  ine?',branes  rtay  be  the  uecb.anisai  whereby  lowered  CCF  [K^]  would 
affect  the  adroner^iic  system.  The  result  of  such  an  action  would  be  to 
release  less  norepinephrine  and  thus  rcirove  an  inhibitory  control  from 
highly  active  CRF  neurons.  Although  lowered  CSF  [Mg"^  ] would  interfere 
with  the  storage  and  release  of  ncurotransm:ltter(s)  (8),  the  effect  of 
this  ion  would  be  siirilar  to  that  of  lowered  and  Ca^^;  that  is, 
removal  of  an  inhibitory  control  over  highly  discharging  CRF  neurons. 

To  deternine  whether  the  excitatory  effect  of  reduced  CSF  cations 
(K*  and  Ca^^) , CABA  and  the  neural  blockers  were  acting  tlircugh  the 
control  (feedback)  center (s),  dexnrsetliasone,  vdiich  is  knovm  to  inhibit 
neural  activity  of  the  hippocampus  (S.S)  and  hypothalajuus  (12),  was 
perfused  with  each  of  the  previously  mentioned  cations,  agonists  or 
antagonists,  llie  results  illustrate  that  these  excitatory  actions  were 
completely  inhibited  by  dexamethasons.  This  inhibitory  action  on  the 
excitatory  effects  of  reduced  extracellular  CSF  cations  suggests  that 
the  activities  o.f  these  cations  could  be  directed  either  to  a site 
(feedback)  in  the  CTtS  and/or  the  pituitary;  however,  the  CKS  appears  to 
be  the  more  likely  location  since  1)  dexaraethasone  treated  animals  .'tc 
naxmally  responsive  to  an  injected  CPd'  prejiaration  for  at  least  24  hr 
(123);  2)  the  .injection  of  norepinephrine  into  the  adonoliypoidiysis  does 
not  affect  tb.e  release  of  trophic  hormones  (S’/);  and  3)  a l:ick  of  CSF 
cations  should  have  provided  the  same  excLtatorj-  effect  on  tb.c 
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pituitary  v.iu;n  pc-rfuscal  alone  or  in  co:ri)i7iutic>n  witli  Tiorcpinep/'.rine. 

Thus,  the  effects  of  reduced  CSF  cations  are  probably  recliated  via  a 
relaxation  of  the  adrenergic  r.ystcj:i  and  in  turn  the  inhibitory 
activity  of  this  system  is  not  mediated  through  the  cholinergic  and/or 
gabanergic  systems.  These  data  suggest  that  the  adrenergic  systen  acts 
either  directly  on  the  fcedbach  sitc(s)  (o.g.,  hypothalamus)  or 
through  some  pathway  v/b.ich  terminates  on  this  site. 

In  conclusion,  the  data  presented  herein  indicate  that  basal 
activity  in  the  conscious  cat  is  achieved  prima.rily  by  the  inhibitory 
action  of  the  adrenergic  system  on  spontaneously  di.sc]iar-glng  CiU’  neurons. 
Although  tlie  latter  has  been  shown  not  to  be  tlie  result  of  tonic 
excitatory  cholinergic  or  gabanergic.  systems,  this  does  not  preclude  the 
possibility  that  otlier  neural  systems  (c.g.,  serotonergic,  hista^-incrgic, 
etc.)  may  tonically  excite  CRP  neurons.  Furthermore,  the  inhibitory 
action  of  the  adrenerg.lc  system  requires  no  less  than  normal 
extracellular  [K^],  [Ca^^]  and  [Mg^^].  It  is  postulated  that  slight 
decreases  in  the  concentrations  of  these  cations  as  observed  in  various 
environmental  stressors  such  as  hypoxia,  hypocapnia,  hypertheniia,  etc. 
may  activate  the  HI!A  system  by  relaxing  the  inhibitory  effect  of  tlie 
adrenergic  system. 
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